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PREFACE. 



THOSE who examine Dual Arithmetic in all its beanngs 
will find that a branch of greater importance has not 
been contributed to mathematical science. Important' as 
this branch of mathematics is^ it might be long neglected 
for the want of a treatise of sufficiently elementary nature, 
which requirement this work is designed to supply. 
Although this class book is suited to young students of 
different capacities, and contains many concise rules and 
contracted processes not to be found in my larger works on 
the art and science of dual arithmetic, yet I haye main- 
tained throughout this work a method of teaching that 
approached nearest the method of investigation pursued in 
the larger ones, because such procedure possesses many 
advantages in conveying elementary instruction. In teach- 
ing the elements of a great art like Dual Arithmetic many 
examples are necessary, yet a healthy impression should 
be lefb on the mind of a scholar, and the spirit of inquiiy 
strengthened and not disgusted by monotonous repetitions. 
I have therefore so varied the examples that the student 
may have room for the exertion of his faculties. In my 
PIBST WOEK, entitled " Dual Arithmetic, a new Art," and 
in its reissue with an analysis^ the descending branch was 
designedly neglected, to avoid complication, and the as- 
cending branch often purposely employed in a clumsy form 
to exhibit the great flexibility, range, and power of dual 
developments when so interdicted ; and to show that Dual 
Arithmetic, even so restricted, not only harmonized with 
Common Arithmetic, but also with Algebra, and the higher 
branches of mathematics. The analysis that appeared with 
the reissue of my first work related chiefly to the designedly 
diffuse developments of tbat work ; it was drawn up under 
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sny Buperintendence, and yet many things were omitted. 
The young student will find the notes at the end of this 
volume, relative to those omissions, worth attention. My 
SECOND WOEK is divided into three parts; in ihe first part 
I have thoroughly developed the descending branch of the 
system, and connected it with the ascending, completing the 
whole art of Dual Arithmetic ; in this part dual arithmetic 
is also treated as a science, and I have thus completed the 
art and science of a calculus of the concrete values of 
quantities known or unknown, and shown for the first time 
how all mathematical functions and their inverse operations 
can be operated with by direct processes of arithmetic 
without the aid of tables. In the second part trigonometry 
is treated in an original and philosophical manner by de- 
monstrating all the transcendental formulsB of trigonometry 
without the aid of impossible quantities. The tables given 
in the third part are more comprehensive and more easily 
used than any tables hitherto calculated. They are equal 
in power to Babbage's and Collet's combined, and take up 
less than one eighth part of their space. They have this 
peculiarity and advantage over all other tables previously 
calculated, that any one of their numbers can be instantly 
and independently verified by formulas of the most ready 
and easy use, involving only the simplest arithmetical pro- 
cesses. This fbsbent wobk is designed to qualify young 
students to read and understand the larger works, to render 
the practical calculator independent of tables of common 
logarithms, and to establish the fact that if tables be pre- 
ferred, those of dual logarithms are incomparably the best ; 
for any schoolboy may construct an extensive table of dual 
logarithms in an incredibly short space of time, and after- 
wards test its accuracy at any point, if he only understands 
common addition and subtraction. 

OLIVER BYRNE. 
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DECIMAL ARITHMETIC 

AND 

OTHEE PRELIMINAET OPERATIONS. 



Peetious to commencing the study of Dual Arithmetic, 
it is necessary to have a clear and philosophical view of 
Decimal Arithmetic. 

Op Decimal Fbactions. 
1. A fraction expresses part of any whole thing by two 
numbers, one placed above a line and the other below it; 
the number below the line is called the denominator, and 
shows how many parts the quantity is to be divided into ; 
the number above the line is called the numerator, and 
specifies the number of such parts to be taken : — for ex- 
ample, let us take the following fractions, 

132 .4 numerator, 
— : — : — , and — ; , . 

343 7 denommator; 

which are called one-half, three-fourths; two-thirds, and 

four-sevenths respectively, that is, if a quantity be divided 

into two equal parts and one of them taken, it is expressed 

by i, or one-half; if a quantity be divided into seven equal 

parts, and four of them taken, it is expressed by f , and 

is called four-sevenths, and so of others. 

3. When the numerator and denominator are equal, as f , 
the fraction is e^ual one, and when the numerator is greater 
than the denominator, the fraction is called improper, and 
is greater than one ; f , which is equal f and ^ together, or 
equal if. 

3. If the numerator and denominator of any fraction be 

multipied or divided by any number, it neither increases 

nor diminishes the value of the fraction ; thus, 

1=£=1_40_400^ 

2 4 8 80 800 ■' 

, 40 20 2 1 
and —= — =- - - ; 
80 40 4 2 

for it is evident that if a quantity be divided into 800 equal 
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parts, and 400 of them taken, one-balf the quantity is 
tidLen ; the same reasoning holds good with other fractions. 

3_30_300_3000_ 

4 40 40o~"400o"" *' 

4_40_400_ 400o __^ 

7 ""70"" 700 ""7000"" ' ' 

BO that it appears a fractional part of anything may be 
expressed in an infinite number of ways. 

4. Prom the above it appears that one ftaction may be 
reduced to another equal to it^ and having, either the nume- 
rator or denominator, what number we please ; for example, 
let us reduce f to a fraction equal to it whose denominator 
shall be 1000. 

2 _ 2000 , 2000 _666a , 2_ 666f 
3""3000 3000"" 1000 " 3~'iooo 

5. The reduction of vulgar fractions to decimals, is 
nothing more than the reduction of one fraction to another 
whose denominator will be 10, 100, 1000, 10000, &c, ; then 
cancelling the denominator, and placing a full point to the 
left of the numerator, which must consist of as many places 
of figures as there are ciphers cancelled in the denomi- 
nator ; any deficiency of figures in the numerator must be 
made up with ciphers to the left. 

Examples nr Sbductiok. 
Ua. 1. Eeduce i to a decimal 

3 300 , 300 75 . 3 75 »,^ i? J • 1 
-=^- — and - — =-i^^ :,^=z-^^^ or -75 of a decunal. 

4 400 400 100 4 100 ' 

COITTBAOTBI). 

4) 30000 

•75 Answer. 

Ex. 3. Beduce 15«. *id, to the decimal of a pound sterling. 
15«. 7i. =187 pence. 
£1. =240 

6. Then the vulgar fraction is expressed by f|^, the 
decimal is '7791667 to seven places of figures ; this is far 
enough to continue decimals for most practical purposes, 
and when the last figure is 5, 6, 7, 8, or 9, the figure pre- 
ceding may be counted one more. 
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"WOEK. 

9410)187 (77916666, &C. 

168 

190 
168 

220 

216 
40 

160 

144 

16, <fec. 

Impoetant Eulb. 

When the last figure and all that follow are re- 
jected, and when the last figure is 5, 6, 7, 8, or 9, the figure 
preceding may be counted one more; .*. the decimtd of 
a^ to five places is '77917. 

£a. 3. Beduce ^ to a decimal fraction. 

63) 2 00000000 ('©3 1 74603 
189 

110 
63 
470 
441 
290 
252 
380 
378 
200 
189 
11 

7. In this division there are eight ciphers used, then 
there must be eight places of figures in the quotient, and 
therefore one cipher is to be placed to the left of the figures 
obtained, and then the full point ; or, which is the same, for 
every cipher added to the numerator there should be a 
cipher or some figure placed in the quotient, and before the 
figure put in the quotient for the first cipher added, the 
fiSl point. 

B 2 
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Examples fob Fbactice. 

4. Beduce 3 feet 7^ inches to the decimal of a yard. 

Arts, -875. 

5. What decimal is equal to ^ ? 

Jns. -081967 and 13 over. 

6. Beduce i7f to a mixed decimal. 

Ans, 17*4285714, &c. 

To PiND THE VaLXTE OF ANT DECIMAL. 

EuLE. — Multiply the given decimal hy any denomination 
less than it, pointing off as many decimals in the product 
as are in the given decimal ; then the figure or figures to 
the left of the separating point will be the number of that 
denomination contained in the decimal. Where the deci- 
mal has to be reduced to two or more denominations, the 
process may be repeated, as in the following 

Examples. 

^or. 1. Bequired the value of'iiiiiiii of a hogshead 
containing 63 gaUons..^.^^ 

-11111111 
63 



33333333 
66666666 

6-99999993 



8. When '999. . . . follows the decimal point, the whole 
number may be increased by one ; therefore the answer is 
7 gallons. 

Ua:. 2. What is the value of '87625 of a pound sterling ? 
•87625 ^ 



20 



17*5-^500 
12 

630000 

4 

1-20000 



.-. the value of £8-7625 is equal £0. 17*. 6id, 
and -^ of a farthing over. 
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JEr. 3. Find the value of -087648 of a yard. 
•087648^ 



feet =0*262944 

12 

inches=3i55328 
12 
parts =ri -863936, 



•087648 of a yard=3 incbes 2 parts 
nearly. 



Examples fob Fbactice. 

JEx. 4. Eequired the value of '74325 of a pound sterling. 

An8. £0. 18, 5id. 352. 

Mff. 5. Eeduce '8383838 of a foot to its equivalent value 
of inches and parts. Ans. 10 in. 0*7272 parts. 

JEr. 6. What is the value of '2648125 of a mile ? 

Ans, 2 fur. 4 pol. 4 yds. o ft. 2 in. 1*56 pts. 

Most civilized nations employ the Metric system, of 
which we shall speak presently. 

Additiok or Mixed Numbebs asd Decimal Fbaotions. 

EuLE. — Keep the decimal points under each other and 
proceed as in common addition, observing to point off as 
many decimals in tbe sum as tbere are in the term which 
contains the greatest number of decimals ; 

OB, 

As placing ciphers after decimals does not increase or 
diminish their value (4*), aflSx ciphers until each of the 
given terms consist of the same number of decimals, then 
proceed as in common addition, pointing the sum as before. 



i'3; and 



Examples. 


Ha:, 1. Eequired the sum of 346; 21-347; 


240049. 




or thus. 


346 


3-4600 


21-347 


a 1 "3470 


1*3 


1-3000 


240049 


24-0049 



50 1119 



501119 
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9. The reason of this rale is obviooB, for 

3-46 = 3^ = 3^AftSftr 

21 347 =2iT^ftfe =3i-Aftfifir 

1-3 = 1^ = 1.^^^ 

240049= 24T7nfeTy= g4TTftfe7 

Sum=49H*M= 
50Tinrtfe=50*iii9, the same as above. 

Examples 70b Pbaotiob. 

Ua.2. What is the sum of 0*075; 11*0713; 171*; 
47'U33 and 14503215. Jm. 374'32i65. 

Ua:. 3. Eeduce the following fractions to decimals, and 
find their sum, namely ; i^ i, ^, -f^^ -fg and -j^. 

Jm. 1*7684848. 

SUBTBAOTIOK OV SeOIMALB. 

EuLE. — Place the numbers under each other as in addi- 
tion, affixing ciphers, if necessary, to make the decimal places 
equal ; then proceed as in common subtraction, pointing off 
the decimals in the remainder as in addition. 

Examples. 

What is the difference between 36*47 and 19*3764; 38*4 
and 3*84; and 341*365815 and 27682. 

J5r. 1. Ux. 2. Ua, 3. 

Prom 36-4700 3840 34^*365815 

Take 19*3764 384 276820000 

Eemainder 17*0936 34*56 64*545815 

Ba. 4. Eequired the difference between 8*75+825 and 
5*681 + 2*17. Jji8. 1*724. 

MuLTIPLICATIOir OP DECIMALS. 

Eitle. — Multiply the factors as in common multiplica- 
tion ; then point off as many decimals in the product (firom 
the right) as there are in both factors. 

^g^ 10. When it happens that the figures in the product 
are less than the decimals in both factors, ciphers must be 
prefixed to the lefb of the product to make up the defi- 
ciency., 
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EXAHPLBB. 
Mc. 1. 

Multiply 14-36 by 16-451 
- 16-451 

1436 
7180 

5744 
8616 
1436 



JSx. fi. 
Multiply -0473 by -0847 
•0847 

3311 
1892 

3784 



•00400631= Prod. 



Prod.=236-23636 

11. The above role for pointing the decimals in the pro- 
duct may be proved as follows : — 

14-36 =14t^ =\W 
and i6'45i = i6^^i^=S^^ 

/. 14-36 X 16451 = swxs%w = "i«*m' = 

236^^^^=236-23636 as before. 

1 2. As it only occupies a few seconds to prove any mul- 
tiplication, it is advisable that all should be proved of which 
any doubt may be entertained. 

The following explains the method of proof. 
Ex, 3. Let it be required to multiply 23.33 by 16-321 
and prove the work to be right or vrrong. 

Multiply 2333 —(A) PEOor. 

by 1632 i~ (B) p 

2333 
4666 ^ 

6999 

13998 

2333 
Prod.= 380-76893— .(C) 

Cast the nines out of the sum of the digits in (A), and 
what is over place on the cross to the left, that is, 2-f 3+ 
3+3=ll=one nine and 2 over, which set down; again, 
cast the nines out of (B), settiug down on the cross to the 
right what is over, that is, i + 6+3=io=one nine and 1 
over, then 1 + 2 + 1=4, which does not make up nine, then 
4 is over, which set down on the cross at (B) ; then multi- 
ply the numbers on the cross at (A) and (B) together, 
and cast the nines out of the product, and place what is 
over on the cross at (D). 

Lastly cast the nines out of the product (C) ; thus, 
3 + 8=11=9 and 2 over; 2 + 7=9 and o over; 6 + 8 = 14=9 
and 5 over; 5 + 3=8, which place on the cross at (C) ; then. 
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if the numbers on the cross at (C) and (D) are equal, the 
work is right, and if not, wrong. In casting out the nines 
in any number, the ciphers or nines need not be taken into 
account. 

It is natural to associate the idea of labour with long 
detail of execution, but such an idea may be abandoned 
here, as at most it will not take the operator more than 
half a minute to prove any multiplication by the directions 
just given. 

Examples por ?sactice. 

Ex. 4. Multiply 31416 by 10*24. -^ns- 32169984. 

Ex. 5. Multiply -00376 by 278. Am, 1-04528. 

Ex. 6. Multiply 31416 + 7854 hj 2218-192—277-274. 
Ans. 7621-984986 true to six places of decimals. 

DiYisioK OF Decimals. 
£uLE. — Division of decimals is the same as division of 
whole numbers, only it is to be strictly observed that the 
number of decimals and ciphers annexed to the dividend 
must be always equal to the number of decimals both in the 
divisor and quotient ; now, as the number of decimals in the 
divisor, and also the number of decimals and ciphers affixed 
to the dividend, are known, the number of decimals in the 
quotient is determined by making their difference. But as 
the rule for division of decimals is best drawn from examples, 
the following are most of the varieties that can occur. 



Ex. 



Examples. 






1. Divide 3647- by 47- 






Dividend. 






Divisor 4-7) 3^47 (77* 595744 Quotient. 




329 






357 






329 






280 


210 




235 


188 




450 


220 




423 


188 




270 


32 


Bemainder. 


235 






350 






329 






210 
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13. When the divisor, the dividend made less by the 
remainder, and the quotient are« arranged as below, the 
proof is the same as in multiplication. ^ y. 

6 




Ciphers 
Divid. annexed. 
364 000000 

Divisor. 32 Eemainder. Quotient. 

47-(B) 3646- 999968-(C) (7 7 '595744- (A) 

14. When the divisor is a whole number and less than 
the dividend, another whole number, the quotient is com- 
posed of whole numbers and decimals ; the number of deci- 
mals in the quotient is equal the. number of ciphers called 
down. 

Ex. 2. Divide 47* by 3647. 

Divisor. Divid. Quotient. 
3647- ) 47-00 ( 012887 
3647 

10530 
7294 



32360 
29176 

31840 
29176 

26640 
25529 

1111 Eemainder. 
Pnoorr 
Quotient = -012887 — (A) 
Divisor = 3647* — (B) 

Dividend and ciphers affixed. 

Prom 47 000000 

Take 1111 Eemainder 

46-998889-(C) 

15. "We obtain five figures in the quotient, but there 
ought to be six, because there are six ciphers appended to 
the dividend, and no decimal in the divisor, therefore a 
cipher must be placed to the left of the figures in the quo* 
tient, and then the decimal point. 
B 3 
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Ik. 3. Divide 347*«3 by 5* 19878. 
Divisor. Dividend. Quotient. 
519878 ) 3472300 ( 66-79067 

3530320 
3119268 



41105SO 
3639^6 
4713740 
4678902 



3483800 
3119268 

3645320 
5639146 

6174 Bemainder. 

^ (The number of decimals and ciphers") ._ 

"^ X appended to the dividend j *^ 

Take The number of decimals in the divisor ^ 

Eemainder The number of decimals in the quotient 5 

Phooi* 
Quotient = 66-79067— (A) \ D 

Divisor = 5' 1987 8 -(B) \l 

Prom the dividend and I ^^^^^^^^^^^ A 5 A^ B 
ciphers appended ) '^^' '' 

Take the remainder = 6174 

347-2299993826— (C) 
Ilx. 4. Divide 87*3749 by -00436. 

•00436 ) 873749 ( 200401 146 
872 





344 Semainder. 
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•c. C The number of decimals and ciphers in 7 ^ 

^°°^ i the dividend j ^ 

Take The number of decimals in the divisor 5 

Tj • j^ f There remains the number of decimals *) ~ 

J4emainder| that ought to be in the quotient ) "^ 

The proof would be similar to those previously given. 
^. 5. Divide -063478 by -000125. 
•0000125 ) -063478 ( 507824 
625 



1030 
1000 

300 
250 

500 
500 

Kumber of decimals and ciphers in the dividend = 9 

Number in the divisor = 7 

The number in the quotient = 2 

i6* 1^^ ^o the previous remarks on division, we may 
add the following Bule. — Make the number of decimals in 
the divisor and dividend equal, by adding ciphers to the 
deficient one ; then, when the divisor divides the dividend 
without annexing any more ciphers, the quotient will be a 
whole number ; but when we call more ciphers to the divi- 
dend, any figures that are put after in the quotient vrill be 
decimals. 

17. The reason that the number of decimals in the quo- 
tient is equal the number in the dividend with the ciphers 
appended, made less by the number in the divisor, will 
appear &om the following; taking the 5th example for 
instance. 



Divisor =*ooooi25= 



1000000 100000 
•0000125 125 



•o63478-7-'OOOOi25= 



1 0000000 1 0000000 
63478 . 125 



1000000 10000000 
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63478 iooooooo_63478ooooooo_63478o_ 



1000000 125 125000000 125 

^o 6 24. 
5078-^— =5078— =5078— ^=:5078-24. 
*' ' 125 ^^ ' 25 *^ ' 100 ^^ ' 

EXAKPLEB TOB FsACTICE. 

Ux. 6. Divide 354* by 3*1416. Ans, 112*681 

JSx. 7. Divide 3* 1416 by 8974. uins, 0350078, 

JSof.S. Divide 2218-192 — -7854 by 277-274+31416 x 
•5236. Ans, 1510236. 

Those who have studied the history of the mathematical 
sciences cannot bat have noticed the slow manner in which 
improvements have been admitted into general use ; even at 
this late date, barbarous and inadequate as the method was, 
the Author was obliged to allow his bases to be expressed in 
vulgar fractions, in order that his published works on Dual 
Arithmetic might be better understood. Dual Arithmetic 
calls for but few innovations to establish its general nota- 
tion ; decimal arithmetic is left in possession of the full 
point ('), while in dual arithmetic the comma (,) is employed, 
a distinction easily remembered. The first notice of decimals 
is to be found in a tract at the end of Stevinus' Arithme" 
tique, in the collection of his works by his friend and pupil 
Albert Girard ; the tract is entitled La Disme, This col- 
lection was first published in Elemish, about the year 1590. 
At this early date, decimals in the first place are termed 
primes and marked (1), those in the second place are 
marked (2), and called seconds, and so on ; whilst all integers 
are characterized by the sign (0), which is put after or 
above the last digit. 

Example iisr Addttiok. 
1590. 1865. 

(o){i)(2)(3)(4) 
34612 3-4612 

21 4 7 7 2 213472 

13006 13006 

24 o o 4 9 240049 

50 1 1 3 9 501139 

(o)(i)(a)(3)(4) 

The denominators 10; 100; 1000; &c., were employed 
after the time of Briggs and IN'apier. From what is here 
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shown it is presumed that the rationale of contracted pro- 
cesses and other decimal operations will be easily understood 
bj the student. 

The Metbtc System of Measubement. 
For Multiples Greek words are used. 



Metres. 


Peet. 


Inches. 


Metre i- 
Hecto-Metre lo- 
TCilo-Metre loo^ 
Kyria-Metre looo- 


3-2808992 
32 808992 
32808992 
32808992 


393707904 
393707904 
393707904 
393707904 


For Divisors Latin words are used. 


Metres. 


Feet. 


Inches. 


Metre i* 
Deci-Metre • i 
Centi-Metre -oi 
Milli-Metre -ooi 


3-2808992 
•32808992 
•032808992 
•0032808992 


393707904 
393707904 
•393707904 
•0393707904 



18. Thus a Kilometre = 1000 metres ; and a Millimetre 
= a metre -4- 1000. 

The square Decametre, called the Are, is the element of 
land measure in France, and is equal 1076-42996 square 
feet English. 

The Stere is a cubic metre = 35*316582 cubic feet 
English. 

The Litre, for liquid measure, is a cubic decimetre = 
1*76007 imperial pints, English, at the temperature of 
melting ice; a litre of distilled water weighs iSA'^^ grains 
Troy. 

The unit of weight is the gramme ; it is the weight of a 
cubic centimetre of distilled water, or of a millimetre, and 
hence equal to 15-434 grains Troy. 

The English standard yard was destroyed by fire, copies 
of which are now employed that cannot be proved to be 
right or wrong, since the exact distance between the point 
of suspension and centre of oscillation, in any known pen- 
dulum, cannot be exactly measured. 

Obsebtations. 

By removing the decimal point a figure to the left, a 
nuihber is divided by 10 ; by moving the point two figures 
to the left, the number is divided by 100 ; and so on, 
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Thus, 3*937079 is t^e one-tenth of 39'37079> 
•3937079 is the -^ part of 39*37079, 
•03937079 is the TnsW part of 39*37079, 
&c. <&c. 

Again, Multiply 39- 37 39*37 39*37 

by '1 -01 -001 

Product 3937 "3937 '03937 

39*3707904x10 =393707904 
39*3707904 X 100 =3937*07904 
39'3707904X 1000=393707904 

&c. &c. 

By moving the decimal point a figure to the right at each 
BuccesBiye step. 

•3937 07904 -f- • 1 = 3*93707904 
•393707904-5- "01 = 39*3707904 
'393707904-^*001 =393707904 
•393707904-5-*oooi=3937o7904 
<&c. &e. 

The same operations apply to other numbers and deci- 
mals. 

Examples. 

^. 1. Multiply 23-4 by loi- and also by 101, 



234 

101* 


234 

1-01 


234 
2340 


234 
2340 


23634 


23-634 




OTHEBWISE, 




234 once 
•234 one-hundredth part 




23634 




2340- 100 times 
234 once 



23634 

It is easily observed that the results are composed of the 
same figures, the positions of the decimal points being the 
only difference. 
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OB THVS, 






00 


33|40| 


2340 


001 


33I40 


1 




33|40| 



236340 236340 

19. The position of the decimal point is readily found, for 
23*4 and I'Oi involve three decimals, then the result will 
be 23634; •234X'ioi=-023634; 2-34x ioi=2-3634; and 
80 on. 

!Eie. 2. Multiply 1234 by 1*1 twice in succession, the 
result by I'Oi three times in succession, and the last result 
by 1*001 four times in succession. Also multiply 1234* by 
11* twice; 101* three times; and 1001* four times in suc- 
cession continually. 



101 



12-34 once "),., 



1*234 one-tenth ^ 



13-574 
1-3574 
149314 once 1 

* 1 493 1 4 one-hundredth i 
15080714 

•15080714 
15-23152714 

•1523152114 



15-3838363514 once ^^.^^^ 



•0153838363514 one-thousandth 



} 



15-3992201877514 
•0153992201877514 

15-4146194079391514 
•0154146194079391514 

154300340273470905514 

•0154300340273470905514 
154454640613744376419514 

Second Fabt or the Example. 

Conce 1234 

(ten times 1234 

13574 
1357-4 
, fence 1493* 14 

( one hundred times 149314* 

150807*14 
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150807' 14 
15080714- 



15231521-14 
1523152114- 



looi- ( °^^ 153838363514 

1 1000 times 1538383635140' 

153992201877514 
^5399 22018775140- 

1541461940793915-14 
1541461940793915140- 

1543OO3402734709O5514- 
1543003402734709055140* 
1544546406137443764195-14 

a result composed of the same figures as the former, the 
positions of tue decimal point being the only difference. 

Ex. 3. Multiply 47-35 by 9 four consecutive times; -99 
three ; and 999 twice continually together. And also find 
the value of 

4735x9x9x9x9x99x99x99x999^999. 

Prom 47 35 once ") 
Take 4-735 ^ ) ^ 

42615 
4*2615 

383535 
3-83535 

3451815 
3-451815 

Prom 31066325 once"? 
Take -31066325 riry 3 ^ 

3075566175 
•3075566175 

30-4481051325 
-304481051325 

Prom 30-143624081175 once") 

Take -030143624081175 t^W) ^ 

30-113480457093825 
30113480457093825 

30083266976636731175 
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Secoitd Fabt of the Example. 

473*5 10 times 
47 '35 once 

47*35x9- = 4961-5 10 times 
426*15 once 

47'35X9'X9- = 383535 10 times 
3835'35 ODce 

47'35X9-X9X9* = 345^8 15 

90. Hence the figures composing the result stand as in 
the former case, but the decimal point assumes a different 
position. 

JKr. 5. Pind the value of -9 x -9 x 99 X 99 x -99 x loi- x 

1 !• X 11- X 11- X 2- X 11 X 1-1 X 1-01 X 1-01 X 1*01 X 101 

101* 
101 



1111- 
1111 



12221 
12221 



134431- = loi'xiixii-xir 
134431 

147874-1 
14787-41 

16266151 11 X 1-1 

16266151 

164288 1251 
1642 881251 

165931006351 
165931006351 

16759031641451 
1675 9031641451 

169266 2195786551 1-01 X 1-01 X 101 X lO'l 

1692662195786551 
152339-59762078959 



IB SXCIMAL ARITHMETIC. 

153339-59762078959 
15233959762078959 



137105637868710631 -gx-g 
1371 05637858710631 

135734*58148012352469 
1357 3458148012352469 

1343772356653222894431 
1343 772356653222894431 

133032463208669066548669= 

C9)'C99)'(ioi-y(iiO'(2)'(i-i)'(i*oi)*, the signification 
of the indices 2, 3, 1, 3, 1, 2, 4, will he explained pre- 
sently. 

J£bp. 6. Sedace the vulgar fraction to a decimaL 

° 100001 

100001 ) 1000000 ( '99999 
900009 

999910 
900009 



999010 
900009 

990010 
900009 



1 Bemainder. 

-r. ^ -r^ J 100000000^ - . , 

JriT. 7. Beduce to a decimal. 

' 100000001 

Ans. '99999999 and 1 Eemainder. 

Intolutioit. 

21. When a number is multiplied by itself the product is 
termed the square of that number, or its second power ; the 
square of a number multiplied by itself is termed its cube, 
or third power ; the cube of a number multiplied by itself 
is termed the fourth power, and so on. This process of mul- 
tiplying a number a certain number of times into itself is 
called Involution, or raising of powers. The number con- 
tinually multiplied by is called the Boot, and the products 
are termed the Fowers. If 2 be taken as a root, then 
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2 = 2 = 

I + 1 the first power of 9 ; 

2X2=4= 

1+2 + 1 the 2nd power, or square of 2 ; 

2X2X2=8= 

1+3+3+1 the 3rd power, or cube of 2 ; 

2x2x2x2=16= 

1 + 4+6+4+1 the 4th power; 

2x2x2x2x2=32 = 
1+5+10+10+5 + 1 the 5th power; 

2x2x2x2x2x2=64= 
1 + 6+15 + 20+15 + 6+1 the 6th power; 

2x2x2x2x2x2x2=128= 

1+7 + 21+35 + 35 + 21 + 7 + 1 the 7th power; 

2X2X2X2X2X2X2X 2 = 256= 

1 + 8+28+56+70+56+28+8 + 1 the 8th power; 

2X2X2X2X2X2X2X2X 2=512 = 

1 + 9+36+84+126+126+84+36+9+1 thegth. 



22. In dual arithmetic these numbers are ofpara' 

mount importance, they are termed operative nimbers,,^l^ 

These results are readily found with the small number 2 ; 
but to raise any large number, as 235*78, to a high power 
involves much calculation and uncertainty by common arith- 
metic. 





1 + 1 Mult. 


=a; 




1 + 1 by 


=9; 




1+1 






1 + 1 




Mult. 


1 + 2 + 1 squ. 


=4; 


by 


1 + 1 
1 + 2 + 1 

+1+2+1 




Mult. 


1 + 3+3+1 cube. 


=8; 


by 


1 + 1 

1+3+3+1 
+1+3+3+1 






1+4+6+4+1 fourth power=i6; 




&c. 
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Mult, i+'i 
by i + 'i 



By decimals. 
1-1 



=aDd. 



Mult, 
by 



+ •1+01 

1 + -2+01 

1 + -1 




=3vi. 



Mult, 
by 



Mult, 
by 



I +-2 + -01 1-4641 =4tb. 

+ •1 +-02 + -001 -14641 

1 + '3 + '03 + '001 i*6io5i=5th. 

1+1 &c. 

1 + '3 +03+ -001 
+ • 1 + 03 + '003 + -0001 

1 + -4+06+-004+-0001 

1 + -1 

i+-4+o6+-oo4+'oooi 
+ -1 + •04+ '006+ '0004+ '00001 

l + '5+ •! + '01 f 0005 + -00001 

These operations are given at great length, but when the 
numbers 1 + 1; 1 + 2 + 1 ; 1 + 3 + 3+3, &c., are known, any 
power of (11); (101); (1001), &c., may be immediately 
found, as the succeeding examples will show. 

JEr. 1. Pind the 8th power of i-i. 

1/8/8/6 /o /6/8 8 1 




2-143588 8i = (ri)8 

The numbers 28 ; 56, &c., are set down diagonally. 

JSx, 2. Required the 11th power of I'l. 

The requisite numbers are taken from the following table. 
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23. The following table, referred to in the last example, 
is easily formed and will be found useful. 

Table. 



A 


«l 


1 


I 


1 


1 


1 


1 


1 


1 


1 


I 


1 


B 


D J 


^2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 






Fj 


^3 


6 


10 


15 


21 


28 


36 


45 


55 


66 








4 


10 


20 


35 


56 


84 


120 


165 


220 








5 


15 


35 


70 


126 


210 


330 


495 








6 


21 


56 


126 


352 


462 


79a 




Fill the horizon- 
tal line of squares 




7 


28 


84 


210 


462 


9^4 




AB, and the vertical 
r»T»fi AC with units, then 




8 


36 


120 


330 


792 




the other numbers are found 




9 


45 


165 


495 




uy auuiug i/uo ^icv>cuixig 

number to that in the next square 




10 


55 


220 




aoove It to tne ngnt m a aiagonai 
direction. Thus 1 in the square D,+ 1 




11 


66 




in E=2, in G; 1 in ¥+2 in G=3, in 
H, and so on. 210 + 252=462. 
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This table may be enlarged at pleasure. 
The mimhera fimnlnvpd tn find nnv nower of 







ri, 101, 1001, Ac, orV ii-, lor, looi-, &c., 
are found on the diagonal lines. Thus (I'l)" ^^7 
be found as follows : — 




(ri)" =3-138428376721 

Mathematicians have found it convenient to represent 
any number, as I'l, raised to any power, as 12, thus, 
(I'l)"; this notation will be fully explained presently. 

JSr. 3. ."Find the 3rd power of 1001. 

Ans. 1 003003001. 
!Ex, 4. Find the 7th power I'Oi. 

Ans. 1 072 1 35352 1701. 
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24. For tlie sake of brevity the power is expressed by a 
small figure written a little above the root. Thus, 8^ is the 
notation employed to denote 8x8x8x8 = 4096. 4 in 
this case is cioUed the index or eaponent, 8 the root, and 4096 
the potDer, 

^^ It should be observed that conventional arrange- 
ments may indicate processes precisely, and yet render but 
little or no assistance to an operator trying to obtain 
results. This is a grave objection which applies to many of 
our modem mathematical researches and formula. 

When two or morepotoers of the same number are multi- 
plied together^ the index of the product is the sum of the 
indices of the factors to he multiplied, 

!EiXAHFLES. 

JSr. 1. 7'x7*=7', for 

(7X7X7X7X7)X(7X7X7)= 

7X7X7X7X7X7X7X 7=7S 

or 5+3=8. 

Ux. 2. 2X2X2X2X2 = 2'*X2^=2*, or 5+1=6. 

JEx.3. 6»x6»x6=6^ 

6 is counted 6^, since unity is supposed to be the index 
when none is expressed. 

When one power is divided by another of the same num- 
ber, the index of the quotient is found by subtracting the 
index of the divisor from that of the dividend. 

Thus qh - q4-- 9X9X9X9X9X9X9X9X9X9X9 _ 7 
9x9x9x9 ^' 

(^^y r ^A r 22X22X22X22X22 

^^ — i- = (22)* for = 22 X 22 X 22 X 22. 

22 ^ ' 22 

It is readily shown that when the index is reduced to 
zero the result=i. Thus 

i=~=3®, the same may be said of 
o 
9°; 10°; 11°, &c., in continuing the proposed system of 

notation, and further 5«-t-58=5-'=2j=— . Hence 

5 5 

-J may be written 5"' 

-J may be written 3"" 
o 

and so on. 
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It is easily observed, that to represent a power raised to 
another power, the index of the given power must be multi- 
plied by the index of the required one. Por 6' raised to the 
fourth power may be represented by 6" ; as 

In the same way 3" raised to the 5th power may be re- 
presented be 3'^'=3^^ The same rule may be applied in 
other cases. 



The JTiBST 


HINB 


POWKBS OF 


THE riBST KIITB 


NITMBSBS. 


1st 


and 


3rd 


4tlL 


5th 


6th 


7th 


8th 


9th 


1 


1 


1 


1 


1 


1 


1 


1 


I 


a 


4 


8 


16 


32 


64 


128 


256 


612 


3 


9- 


27 


81 


243 


729 


2187 


6561 


19683 


4 


16 


64 


256 


1024 


4096 


16384 


65536 


262144 


5 


35 


125 


6a5 


3»25 


15625 


78125 


390625 


1953125 


6 


36 


316 


1296 


7776 


46656 


279936 


1679616 


10077696 


7 


49 


343 


2401 


16807 


U7649 


823543 


5764801 


40353607 


8 


64 


6'2 


4096 


32768 


262144 


2097152 


16777216 


134217728 


9 


81 


729 


6561 


59049 


531441 


4782969 


43046721 


387420489 



Evolution. 

Evolution is the reverse of Involution, its object being 
to extract or find the roots of given powers. Thus, the 
second or square root of 49 is 7, because 7 x 7=49 ; the 
fifth root of 7776 is 6, because 6x6x6x6x 6=7776. 

The few roots that can be found exactly are called rational 
roots. Although the roots of many numbers cannot be 
found exactly, Dual Arithmetic shows how to find them by 
a direct and simple calculation to as great a degree of 
accuracy as we please. Boots which cannot be found 
exactly are termed irrational roots or surds. The square 
root of s is a surd, since no number multiplied by itself 
will exactly produce 3 ; the square root of 81 is rational, it 
being exactly equal 9. There are many plans given to 
express roots without any prescribed method of performing 
the operations indicated. Boots are often denoted by 
placing the mark ('v^ ) before the power, with the index of 
the root prefixed. In this way the fifth root of 2 is ex- 
pressed by v^, and the square root of 8 by v 8, in de- 
noting the square root by this devise the index 2 is gene- 
rally omitted. Boots are often indicated like powers, but 
with fractions as indices ; thus, the square root of 1 1 is 
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written 1 1* ; the cube root of 5 is written 5* ; the 5th root 
of 3 is written si , &c. There is an analogy in this exten- 
sion. Eor, if any number, 8', be raised to the 3rd power, 
then 8«>^=8». 

Therefore conversely, the third root of 8' is 8', obtained 
by dividing 6 by 3. 

Hence 6 may be considered as the index of the power, 
and 3 that of the root, and 8t may be either the sixth 
power of the cube root of 8, or the cube root of the 6th 
power of 8, since the third root of8x8x8x8x8x 8=8* ; 
and the 6th power of ^8, or 

ysx ysx y8x y8x y8x y8=8x8=8«. 

Hence, when the indices are integers in the form of 
fractions, the denominator signifies the index of the root, 
and the numerator the index of the power. When a num- 
ber has a fractional index, the numerator shows the power 
to which the number has to be raised, and the denominator 
the root to be extracted. Thus, 

71=^7, for 
yfx Vfy^ y7«=7«=75+i+l. 
Now, an even root of a negative number cannot be ex- 
tracted, but an odd root can. Thus, the cube root of —64, 
or(-64)i=-4, for 

(-4)x(-4)x(-4) = ~64. 
The square root of —64 written (—64)* is not=4-8, 
nor is it equal —8, for ( + 8) x (-H8) = -i-64; and also 
(— 8)x (— 8) = + 64. Although the square root of —64 
cannot be taken, yet y'^ftft^ root can be extracted of a 
negative number, because 100001 is odd, and iVoWi ^^^7 
nearly=i. By dual arithmetic the value of (— 64)^5Vo»i8 
readily found without the use of tables. The values of 
(-3)i«S88§8f, of (-i)i§§mm, &c., may be found also, so we 
may approach an even root of a negative number ; now for 
the first time thus indicated. 

Examples itob Peactice. 

1. Knd the value of {—ly^. Ans. -f- 1. 

Por (-!)»= -1-1 and (-|-i)t5t= + i 
or (--i)T5r= — 1 and (— i)'»=-|-i 

2. Pind the value of (— i)V*6%. Ans, — l. 

Por (-i)«»=-i and (-iy«>^=-i. 

3. rind the value of (— i)t«^t. Arts. —1. 



DUAL ARITHMETIC, 

A NEW AET. 



CHAPTEE I. 

DEPINITIOirS, SIGNS, AITD NOTATIOK. 

It is not presumed that the student will understand the 
processes indicated in this chapter, or remember the sym- 
bols of operation, until he can perform the operations indi- 
cated and has acquired some practical experience. 

25. Dual Arithmetic is a new art of manoRuvering num' 
hers and investigating the relations of quantities with ease 
and accuracy, with or without the use of tables. 

26. The term Dual is employed because the art has two 
branches, the basis of each branch being composed of two 
parts, and because the digits of a dual number may be sub- 
jected to a variety of changes in magnitude and position, 
while at the same time remaining equal in value to two 
unchangeable extremes^ namely, a natural number and a 
logarithm to a known base. 

27. Since the digits of a dual number are susceptible of a 
vast variety of changes without altering its two ultimate 
values, dual numbers may be said to be changeable without 
being variable. 

• 28. In Dual Arithmetic the Arabic figures 1, 2, 3, 4, 5, 6, 
7, 8, 9 and o are employed. 

(o) is called naught, zero, or a cipher, when alone, (o) 
represents the beginning of numbers positive and negative, 
and the beginning of things. 

Arabic figures and notation have not been known in 
Europe more than 900 years, and but little used until after 
1600 A.i>. Decimal arithmetic, as now taught in schools, 
is not more than 120 years in use. Leonardo Bonacci, a 
merchant of Pisa, introduced the Arabian system of Digital 
Arithmetic into Italy, and wrote the first treatise, pub- 
lished in Europe, about the year 1228 a.d. 

A number larger than any that may be named is ex- 
C 
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pressed by the symbol oo witb the sign of plus, as + oo • 
A number smaller than any that may be named is expressed 
by combining the minus sign (— ) with the character oo , 
as— 00. 

+00 , greater than any number that may be named. 

—CO , less than any number that may be named. 

+ 00 is sometimes read plus trinity; and — oo, ininu9 
infinity. 

Numbers in the dual system of arithmetic are expressed 
by the continued product of the powers of one or more of 
the following bases which are seldom introduced into the 
figurate operations of the art. 

Bases op the Ascekdikgi Bsajtoh. 

29. The bases of this branch of the art can be expressed 
as follows : — 

+ 00 (10000+1); (1000+1); (100+1); (10+1); 

tt + i); (^+0; (tJij+O; (nftnr+i); i; 

more conveniently written thus, 
+00 ....10001 ; 1001; 101; 11; 2; 1*1; I'Ol ; 1*001; 
.... 1 the limit, 
increasing in magnitude from right to left. 

These bases are less and less as they approach 1, but 
tsinnot be less than i. 

Bases or the DESOEKniKa Bsaetoh. 

30. These bases may be expressed thus, 

-(00) (1-1000); (1-100); (1-10); (1-1); 

0— Ay); (i-T*Tr); (i-TTfcrr); -..(0, 

bat more concisely written, 

-00 ....-999; -99; -9; o; -9; -99; '999; 1, 

decreasing in magnitude from right to left. ^ 

This scale of bases approaches 1, but cannot be greater 
than 1. 

Bases of Goiocok ajstd Decimal Abithmetio. 

31. In this work the numbers of common and decimal 
arithmetic are sometimes termed ordinary, common, or 
natural numbers. 

+00 .... 1000- ; lOO- ; 10' ; 1' ; '1 ; '01 ; '001 ; . . . . O, 
approaching o, but cannot be equal to or less than o, or 
eero. 

Some examples will make clear anything that may seem 
to abstract in the preceding generalities. 

The diameter of the earth through the poles is said to be 
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equal 7898*8809 statute miles, of 5280 feet each ; therefore 
the diameter =41706091-152 feet, which, according to 
usage, is a contracted method of expressing 
4(10000000) + i(ioooooo-) -f 7(100000) + 6(1000-) + 

9(ioO + H-iV+T§Ty+TTftnF; 
which, according to the method agreed upon to express 
powers, becomes 

4(10)7+ (io)«+ 7(10)5+ 6(10)3+ 9(10)1+ 1 + (io)"i + 
5(io)-H2(io)-3. 

In common arithmetic 4, 1, 7, &c. are termed digits, and 
do not exceed 9. 

32. In dual arithmetic the powers of the dual hoses are 
only registered. Thus 41707342*3592 is equal to 

(•959999)^ (101)* (1 + 1)^ (1-001)2 (rooooooi)* 
(i-oooooooi)i(i-oooooooooi)8(i-ooooooooooi)^, 

when divided by 10. The bases being omitted, this dual 
number is written 

41707342-3592 
il 
»o'o'o'o'o'3 1 4,0, T^s 0,0,2,0,0,0,4,1,0,8,9, (A). 

*3 1 4»o, T^% 2,0,0,0,4,1,0,8,9, (B). 





'3 t|« 4,2,0,0,0,4,1,0,8,9, (C). 



4» 0,4,2,0,0,3,4,1,0,8,9, (D), 



,< 



f l, 4,2,0,0,3,4,1,0,8,9, 

Ac. 

Beferring to the extended form (A), '3 ; 4, 2, &e., are 
called dual digits, and express the powers of the bases in- 
Tolved, and, unlike the digits of ordinary arithmetic, may be 
greater or less than 9. The zero between i and the first 4, 
in (D) shows that no power of I'l is employed, while 
two ciphers between 2, and minus 3, written 3, show that 
the bases 1*0001 ; 1*00001 ; are not involyed. The position of 

2 
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a dual digit before, between, or after the signs t ^ points out 
its value. These arrangements will be discussed hereafter. 

fi'^m m n 
P 

A small figure placed at^ designates the position occu- 
pied by a dual digit, and sometimes points out the leading* 
position occupied bj the first of more dual digits than one. 

m expresses lo*^ 

m „ 10"* 
n „ 2" 



33- ^S^ ^^^ comma (,) is employed in the operations 
of dual arithmetic, while the period (.) is retained to sepa- 
rate whole numbers from decimal fractions. This part of 
the general notation should be remembered, (17), page 12. 

Articles are referred to thus (17), refers to article 17. 

34. A dual number of positive dual digits has always an 
exact value in common numbers when no contractions are 
employed in the reduction. 

When eight positions to the rij?ht and eight to the lefl; 
of the signs t ^, counting from left to right in both cases, 
are occupied by ciphers or other digits, the sign ^ being 
placed before the eight ascending digits and t after the eight 
descending ; yet with respect to range, the dual number is 
said to be one of eight digits, although sixteen positions, and 
other positions between the signs t and i, may be occupied. 

If one of the signs t or ^ is omitted, the positions attached 
to the other are supposed to be occupied by ciphers. 

35* ^S^ When the last dual digit and all that follow 
are rejected, and when the last digit is 5, 6, 7, 8, or g, the 
digit preceding may be counted one more, as in decimal 
arithmetic, (6). . 

36. Eor most practical purposes common arithmetical 
results are required true, to not more than seven places of 
figures. To obtain this degree of accuracy, eight consecu- 
tive dual digits must be employed. In making calculations 
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the allowances specified (6), (35), must be attended to. A 
little additional calculation will secure results true to 8. 9. 
10. . . . places of figures. Common logarithms to seven 
places of decimals do not secure as great a degree of accu- 
racy, and cannot be independently tested and extended. 

37. Nine dual digits give results true to eight places of 
figures. 

Ten dual digits give results true to nine places of figures. 

Eleven dual digits give results true to ten places of figures. 
And so on. 

Besults obtained by the use of tables of seven-place loga- 
rithms cannot be true to seven places of decimals, but may 
be true to six places of figures, counting whole numbers 
and decimals ; this fact is seldom stated. 

38. A dual number is easily transformed into another, 
all of whose digits being reduced to ciphers, except the last. 
The transformation of a dual number of eight digits into 
another, whose first seven digits are ciphers, is termed re- 
ducing a dual number to the eigJith position, A dual number 
reduced to the eighth position is called a dual logarithm. 

2=4, 7,2,6,o,7,8,2,6,=:4, 0,0,0,0,0,0,0,69314718, 

=4^69314718, 
In practice the 8 is omitted, and the expression is writ- 
ten 

2 =4,69314718, which represents (I'oooooooi)®*^^^ 
Then 69314718, is termed the dual logarithm of 2* 
written 

\, (20=69314718, 
The dual logarithm of 4i7o6o9i'i52 is equal to the whole 
number i7546i5775, or 

*, (41706091 152) =1754615775, 

The dual logarithms of common numbers are easily 
found, as well as the common numbers corresponding to 
dual logarithms, without the use of tables. 

Notation. Ascendikg Bbanch. 

39. The notation, although new, is easily remembered 
from its symmetry, compactness, and uniformity. 

1 is represented by \ 

Oke Decimal. Piest Position. 

1*1 « j> vi> 

(1-1)^ » » >t2, 

(1-1)^ „ » 4.3, 

&c. &c. 
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Two DSCIMAXS. SSCOKD POSITIOK. 

(1 oi) is represented by Ao, i, or X^ i, 

(101)2 ^^ ^^ lo, 2, or 1^2^ 



(roi)3 
Ac. 






Thbee Decimals. Thihd Positioit. 

(looi) is represented by Ao, o, i, or 
(1001)2 ^ ^^ lo,o, 2,or 

(iooi)» „ „ 4,0, 0,3, or 



A5, 1, 
47,2, 



(ii)«(i-oi) is represented by . 
(ri)7(ioi)2 

(l-l)3(l-Ol)'*(lOOl)5 

(i-ooi)^(i'ooooi)2(i'oooooooi)8 is expressed by 
i 0,0,6,0,2,0,0,8, 
i 0,0, in the first and second positions, indicates that no 
power of (I'l) or of (I'Oi) is involved. The cipher in the 
Iburth position indicates that no power of I'oooi is in- 
volved ; the same may be said of other positions. 

(1 + 1) is represented by (2)A or A» 
+ 1)2 ^^ ^^ (4)4. or V- 

i^ + ^y „ „ (8)>torj» 

+ i)« , 



91 

9f 



&C, 



d)^ or Jrs 



1 


28 / 


7th power of 2 


1 


y 


4th 


>» w 2 


2 
2 


/ 


18t 


»> « 2 


b^/ 


8th 


>> w 2 


3 


<i/ 


5th 


» 9» 2 


4 
5 


/ 


2nd 
9th 


»> » 2 


1 2 / 


w » 2 


6 




6th 


w » 2 


8 


/ 


3rd 


« >9 2 



"When decimal points are introduced, the numbers 1-28; 
1*6; 2'; 2*56; &c. range in order between 1 and 10, 

The continued product (i"i)*(i'Oi)2(i'ooi)5(ii') (101)2 
may be written 2,1,^3,2,5, no power of 1 + 1=2 being 
employed. 



ted by i,A 
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Because (ii)(ioi)2=(io)(ioo)2(i-i)rroi)2 
.-. 2,1, 4, 3,2,5,= (10) ^ 4,4,5,= 1^ 4;4,5, 
Hence the dual digits to the left of ^ can always be 
transferred to the right of ^. 

8 

J^ 0,0,6,0,2,0,0,5, may be written ^ 6,0,2,0,0,5, or thus, 

3 6 8 

4^ 6,^^2,4^5, 
Again, 

(11) is represented 

(")« , 

&c. &c. 

(101) is represented by 1,0, ^ or 1, 4^ 
(101)2 „ „ 2,0, 4^ or 2, '4, 

(^oiy „ „ 3,o,>ior3,^4f 
&c. &c. 

(iooi)<^ is expressed by 6,0,0, ^ or 6, 4f 
(i + i)3(ii-)4(ioi-)^=3,4,(8)4f which is reduced to 
(2)^(10)^^^4,3, or ><4»4,3, without mental labour. See Ee- 
duction of Dual Arithmetic. 

Notation. DESCENDnra Branch. 

40. In this branch the arrow points up^ and the comma 
is to the leflb of the digit and dbove^ while in the ascending 
branch the arrow points dovm^ and the comma is to the 
right of the digit and below. 

1 is represented by f 
One decimal ('Q) „ „ '1 ' ^ in the first position. 

>> „ \. y/ » J, ^ » J, >, 

» 79 \9) 99 99 3 r 99 ,1 99 

&c. &c. 

Two Decimals. Second Posittoit. 

(•99) is represented by 'o'l ^ or '1 J'^ 
(•99)" „ n V2 for '2,1 

(•99)* „ 99 'o'3for'3«t 

(•99)* „ » 'o'4tor'4,t 

Thbee Decimals. Third Position. 

(•999) is represented by 'o'o'i 4^ or '1 s'^ 
(•999)' „ „ 'o'o'2{or'2 3* 

(•999)* „ „ Vo'3for'3,t 
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41. 1^* In both branches, if there be n decimals in any 
base, its powers or dual digits are placed in the nth posi- 
tion. 



( 9)'C99)' 18 written '3*2 f 
(•9)'C99)' „ '7'5t 
(•999)'C999999)'(*99999999)' is written 'o'o'3'o'o'2'o'6f 
4s. A cipher being in the first and also in the second 
position, shows that no power of '9 or '99 is employed ; the 
same may be said of other positions occupied by ciphers. 
'o'o'3'o'o'2'o'6 1 may be written '3'o'o'2'o'6 jf= 

43. In the descending branch, except in analytical in- 
quiries, the base (i— i)=o is omitted. The introduction 
of a dual digit with this base would cause the whole dual 
number, with which it is united, to vanish. 

44- Again, (9*) is represented by Vi 

(9.)' ,, ,» r^ 

(9)' „ „ rs 

&o. &c. 

(99') is represented by f 'o'l or |, '1 
(990" 19 » t 'o'2 or k '2 
(99)' „ „ tV3ort,'3 

&c. &c. 

C9)'C99)'C999)'(90(99-)" " written '3'2'5 1 'i'^. 
and may be put under the form '4'4'5 1 (^°)"='4'4'5 1» 

The bases 9* 99* 999' &c, are seldom introduced, unless 
when the descending dual branch is employed apart from the 
ascending branch. These bases are not included in the general 
scales of bases. The reduction of •3'2'5 f 1*2 to •4'4'5 f (lo)' 
is similar to that established for the ascending branch. 
Por (i-i)*(roi)*(iooi)«(ir) (101)' = 2,1,4,2,5, = 

4 4,4,5,= (10) "14,4,5, (39). 
45. Dual digibs may be vastly greater than 9 ; for ex- 
ample : — 

(io)«(2)»(-99999999)™«»(roooooooi)«^«^ 
is expressed thus, '57893262 sK^oy (2)' ^^ 87654321, 

8 

or thus, '57893262 sis 87654321, 

the power of (10) being marked to the left, and the power 
of (2) to the right at the middle of the double arrow. 
The positions are indicated above to the right and below to 
the lea. 
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46. Any ordinary nnmber may be expressed by a dual 
number, each of whose digits is not greater than 9, by 
employing but one branch. But by a skilful use of both 
branches of the art combined, any common or natural num- 
ber may be represented by dual digits not greater than 5. 
Por example 1-03 is equal 

'o'o'o'3'o'2'2'o'o'2'5'7'9'5 I 0,3,0,0,1, o-5»5,= 1*03 

II 

s 

i03='3V2'2'o'o'2'6'7'9'5 1 3.o.o.i,o,5,5, 

'3 f '2'2 f '2'5'7'9'5 1 13. i h i 5:5,= i03 

4 6 10 

The digits 7 and 9 of this example, in the 12th and 13th 
positions, on the descending side, are not reduced below 6, 
as it was more convenient to have them greater. 

47. In the descending branch, as in the ascending, a dual 
number reduced to the eighth position is also called a dual 
logarithm, and must be considered negative, if the descend- 
ing dual logarithm is taken positive, and vice versd. 

It will be shown hereafter, that 

'10536052 t ='1 1 

8 

'1005034 'l^ ='o'if 
'100050 f ='oVi f 

8 

'10000 f ='o'oVi f 
Then '2'3'4'5'6'7'8'9 f ='24544195 1 

8 

Por twice 'i0536o52='2i072i04 

3 times '1005034= 3015102 

4 times '100050= 400200 

And 56789 

'84544195 t 

8 

The 8 designating the position is omitted in practice (38). 
Again, 

•765432iio='3'o'i | 0,5,0,0,1,5,6,3, 

c 3 
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8 

It IB readily shown that ^ 0,5,0,0,1,5,6,3,= >[, 4976728, 
and that 'a'o'i f ='31708206 f 

Then -76543211 ='31708206 1 4976728, 

'31708206 
4976728 , 
'26731478 
Therefore, the dual logarithm of the decimal 
•76543211 is '27631478 written 4f, (76543211) ='2673 147 8 
and .-. •765432ii='2673i478f (38). 

8 

These reductions are introduced to exemplify the nota- 
tion ; how to make them will be shown hereafter. 



CHAPTEE n. 

DVAJi ABITHMETIOAL BEDIJOTIONS. 

48. Hebe it maj be necessary to observe that hitherto 
we have not entered upon dual developments, or established 
any of the leading principles of dual arithmetic, nor per- 
formed any practical operations with this art, but merely 
defined terms, described symbols of operation, sketched the 
general notation, and introduced such auxiliary matter as 
might tend to render what follows easily intelligible to 
those but slightly acquainted with decimal arithmetic. 

TO BEDTJCE DUAL TO OOMMOK KUMBEBS 
WITHOUT THE USE OE TABLES. 

49. The operative numbers, or coefficients, tabulated (23), 
may be determined by different operations, some of which 
are explained at the end of the work. These numbers, of 
so much importance in dual arithmetic, may be quickly de- 
termined, and at the same time arranged in a triangular 
form ; for let units be placed in cells on the sides AB, AO, 
then the remaining cells of each succeeding vertical row 
between the dotted lines from A to OB are filled by con- 
tinually adding each number to the one immediately follow- 
ing it on its right, between any two dotted lines, to obtain 
the next vertical row in succession, registering the results 
in the cells not occupied by units, beginning at A. 
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For digit 1 


1 
1 


1 
2 


I, or *i in any position. 




For digit 2 


1 


2, or 'a in sny position. 




For digit 3 


1 


8 


3 


1 




3^ or '3 in any position. 


&c. 


1 
1 


4 
6 


6 

10 


4 
10 


1 
5 


&c. 






1 








1 


6 


15 


20 


15 


6 1 










1 


7 


21 


36 


35 


21 7 


1 


1 
9 




C 


1 
1 


8 



9 


ad 
36 


66 
84 


70 

136 


66 a8 
126 84 


8 
86 


1 B 



&c. 



&c. 



These numbers, generally termed binomial coefficients, are 
employed to find the powers of the bases '9 ; '99 ; "999 ; &c., 
as well as the powers of the bases I'l ; I'Oi ; 1001 ; &c. 

But it must be observed that the numbers in the second, 
fourth, sixth, &c. perpendicular columns are to be con- 
sidered negative and subtracted in the descending branch. 
(19), (20), (22). 

Pboblem I. 

50. To find the ordinary number answering to a single digit 
of either branch in ang position. 



BULE. 

The coefficients for the given digit are set down with no 
ciphers between them for the first position, one cipher for 
digits in the second position, and so on. "Wlien the coeffi- 
cients consist of two or more figures, these figures must be 
arranged diagonally from right to left, falling into hori- 
zontal and vertical rows, the units on the first horizontal 
row, and then the whole summed with proper regard to nega- 
tive numbers, if for digits of the dy cendmg branch. 
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Examples. 

Ex. 1. Set down the common number answering to 4f 9» 

^91 



*9,= 




2-3 5 7 9 4 7 6 91 



JEx. 2. Set down the common number answering to ^ 12, 
and also to \ 0,5, and \ 0,0,7, 




^12,= 3- 138428376721 
1 •05V0 /o /o /o /o /501 
/o/\/o/\/o/ 



^ o,.5,= 



1*05 I o 1 o o 501 



* 0,0,7,= 



1 •00700y/i /00/5 / 00 / 1/00700 1 

/^/ /3/ /2/ 
100702 1 03 5 02 1 007001 



These results may also be found by a series of continual 
additions, (18), (19), (20). 

Anothsb Method. 

Ex. 3. Find the ordinary numbers that Jf 3,; >t 12,; J, 0.5, ^ 
and \f 0,0,7, represent, true to eight places of decimals. 
4r3>= 1*33100000 has merely to be set down. 
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K J I 


H 


G 


F 


E 


D 





B 


A 






1 1 ' 

















o 





o 


A 


I 


1 1 


2 





o 





o 











B 


1% 




6 


6 


o 


o 














C 


66 




a 


a 




















D 


330 






4 


9 


5 














E 


495 






7 


9 


a 











F 


79a 






9 


a 


4 





o 


G 


9«4 






7 


9 


3 





H 


79a 








4 


9 


5 


I 


495 










3 


3 


J 


330 










1 


K 


66 



^13, 



3-1 3 8 4 



838 



51. Such examples as this are seldom required in 
practice ; it is introduced to illustrate a principle. 

The operating multipliers, or coefficients, are in a column 
to the right, each on the line it produces. The first hori- 
zontal row A is composed of a unit and eight ciphers deter- 
mined by the range of accuracy required ; this row is then 
divided into periods of single figures^ because Jf 12, is in the 
first position ; it must be divided into^mo^ of two figures 
ecuih when the dual digit is in the second position ; into 
periods of three figures each when the dual digit is in the 
third position, and so on from left to right, neglecting 
ciphers if there be any to the left of A. 

The horizontal row B is found by multiplying A by 12 
beginning at B ; the horizontal row C is found by multiply- 
ing A by 66 beginning at ; the horizontal row D is found 
by multiplying A by 220 beginning at D, and so on to K, 
(21), (22), (18), (19), for which 1 is set down, since '^^ is 
rejected. The sum agrees with that given in "Ex, 2, to the 
required degree of accuracy. 



E 
1 o 



*'5, 



D 
o o 
5 o 

1 



C 

o o 

o o 

o o 

1 



B 
o o 
o o 
o o 

O 



A 


1 


B 


5 





10 


D 


10 


E 


5 



.2 
'S 



4,0^, =1-05 10 10 05 



The last period is completed by affixing a dot. 
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orAi; AUTHuxnc. 



D 





B 


A 








1 O 





000 


A 


1 


t 




700 


000 


B 


7 


*7, 




2 


100 


C 


21 






4|D 


35 



f 0,0,7, = 



0070 



o 4 



D, in the first horizontal row A, contains no figures, yet 
in multiplying by 35 we have to carry 3*5 from C ; hence 
(6) 4 is set down from multiplying the period D by 35. 

52. To reduce a single dual digit of the descending branch 
to an ordinary number. 

Ex, 4. Write down the common number answering to 

The coefficients are 1 ; 3 ; 3 ; 1, every second one being 
made negative, these numbers may be written 

1331 
'3 ^= -729, the negative nnmbers being taken from 10. 
JEx, 5. Beduce '0*7 f or *7 ,f to a common number. 




'7 8t= -9320653479 



699 



52. The numbers 1 ; 7 ; 21 ; 35 ; 35 ; 21 ; 7 ; 1, with 
their signs changed as before directed (49), become 

l;-7; 21;-35; 35;-21; 7;-l. 
These numbers are set down diagonally from right to left, 
keeping the units on the upper line, placing single ciphers 
between them. No ciphers are introduced for the base '9 
or 9* ; one cipher for the base '99 or 99* ; two ciphers for 
the base '999 or 999-, and so on. 

SscoNi) Method bt ooMiioir Subtbaotioit. 
»o'i f = '99 



'o'2 f = 
'o'3t= 



99 
•9801 

9801 
•970299 
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'0*3 f = 
'o'4t= 

V7t= 



•970299 

970299 
•96059601 

96059601 
•9509900499 

9509900499 
•941480149401 

941480149401 



•93206534790699 

The result before obtained. In this way, by simple sub- 
tractions, Table 11. may be constructed, filled up, and 
extended. 

Sy the Thisd Method, 

to eight places of decimals. 





100 

















. + 


1 




7 

















• — 


7 






2 


1 











. + 


21 










3 


5 



3 


• — 

5 • + 


35 
35 


Positive 


100 


2 


1 








3 5 From 




Negative 


7 








3 


5 


Take 




V7f= 


• 9 3 


2 





6 


5 


3 


5 





Ux, 6. Beduce '11 f to a common number. 
The operative numbers for 11, being 
1; 11; 55; 165; 330; 462; 462; 330; 165; S5\ n; 1, 
the work will stand thus, 




'11 1= -3 1 3 8 1 o 5 9 6 o 9 

Examples pob Phacticb. 
Ex. 8. Eeduce 'o'o'7 f to an ordinary number. 

Ana. -993020965034979006999. 
Ik. 9. Eeduce 'if; 'af; '3^ ; '4^ ; '5f ; '6f; '7^ ; 
'8f ; 'gf to ordinary numbers, and compare the results 
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with those given in Table U., and see if thej agree to eight 
places of decimals. 

Am. '9; -81; -729; -6561; -59049; -531441; 
•4782969 ; -4304672 1 ; -387430489- 

PEOBLEM n. 

53. To find the common number answering to a dual 
number of two digits. 

BULE. 

Set down the ordinary number answering to either of the 
digits found by the last problem, and operate upon the 
result for the other given digit. 

Examples. 

Mv. 1. Beduce ^ 3,5, to a common number true to eight 
places of decimals. 



4^3, = 



E 


D 


C 


B 


A 




1 3 


3 1 








• 


lA. 




6 6 


5 5 





• 


5B 


' 1 


3 3 


1 


• 


loO 


1 


3 3 


1 


loD 




7 • 


5B 



>t'5, 



1*39889438 

5 ; 10 ; 10 ; 5 ; are multipliers easily operated with ; be- 
ginning at B, C, D, E, respectively of the first horizontal 
rovr. 7 * is set down for 66 found in multiplying by the 
last 5, beginning at E. 







OTHEBWISE 


THUS: 






^0,5. = 


105 0/0/0/0/0 5 1 




/v A/ 






1 


5 


1 


1 








5 


1 


^3, 


3 


1 


5 


3 





3 





2 


3 






3 


1 


5 


3 





3 





3 






1 





5 


1 





1 


1 


4' 3:5, = 


1 • 3 


9 


8 


8 


9 


4 


3 


"8 





SVAX ABITQMETIO. 



41 



By common addition : 
4,1, 

I a, 
^3, 

4'3>3> 
4-3,4, 
4'3,5, = 



1-1 


11 

1*2 1 


1-21 


1-3 3 1 

1331 


134431 

1-34431 


13577531 
13577531 


1*3 7 1330631 
1*371330631 


1-38504393731 
1-38504393731 



V 3>5> 
decimals. 



1-3988943766831 

1*3 9 889438 true to eight places of 



(A) 

1 — 

5 - 
10 — 
10 — 

5- 
i — 



By akotheb Method, 
to be explained at the end of the work. 
(B) 




(C) 



4^3,5,= ! -3 98894376683 1(D) 

54. The multipliers (A) are combined in succession \rith 
the corresponding perpendicular rows of (B), thus producing 
the numbers of (C). Then (D) is found by addition. The 
first half of the numbers in (C) being found, the last half 
may be set down, since both halves are alike and symme- 
trical. The ultimate object of this chapter is to arrive at a 
simple, and at the same time a general, rule to convert a 
dual number of eight digits to a common number. 
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Ex, 2. Beduce ^ 7,5, to a common number. 



^7, 


/v 


''3/3/ 


W 








» 9 


4 8 


7 1 


7 1 









9 7 


4 3 


5 8 


5 6 


>1'0,5, 


1 


9 4 


8 7 


» 7 




1 


9 4 


8 7 






9 7 


\1,5, = 


a • 


4 8 


1 3 


1 Q 


6 6 



The complete value of >^ 7,5, is 2*0481212569072671, and 
can be determined by the different methods just explained 
and illustrated. 

Ux. 3. Eeduco 4f 0,0,0,0,6,8,0,0, ; ^ 0,0,0,0,0,6,8,0, ; 
and >|^ 0,0,0,0,0,0,6,8, to common numbers. 



1 
8 




^6, 


0,0, = 


1 0000 


0000 • 1 
6000 • 6 
• 15 


4,' 8, 


1 oooo( 


) 000. . . 
800. . . 


4,0,0,0,0,6,8, 


= 100006 


800 



55. The coefficients for ^ 6, or 6, in any position being 
1 ; 6 ; 15 ; 20 ; 15 ; 6 ; 1 ; and those for 8, in any position 
being 1 ; 8 ; 28 ; 56 ; 70 ; 56 ; 28 ; 8 ; 1. See the tabulated 
form (23), (49). However, in the present example, but 1 ; 6; 
of the one, and 1 ; 8 ; of the other set of coefficients, are 
operated with to arrive at the required degree of accuracy. 
It is also easily perceived that 

J 0,0,0,0,0,6,8,0, = 1*00000680 
0,0,0,0,0,0,6,8, = 1-00000068 

Hence, with respect to the ascending branch, any dual 
number of four digits in the 5th, 6th, 7th, and 8th positions 
is converted to a common number by writing the dual 
number as a common number, and for the sign ^ write 1* 
A single example will suffice to make this intelligible. 

4^0,0,0,0,8,7,6,5, = 1-00008765 
correct to eight places of decimals. 
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Hx. 4. Eeduce '0*5 T 3, to a common number. 



^3=1 -3 3 1 











•-}- 1 


6 6 


5 5 








•- 5 


'5.t » 


3 3 


I 





•+ 10 


I 


3 3 


1 


•— 10 




7 


•+ 5 



'5»|3,= i 



6576776 
Secoitd Mxthod, 



by common Addition and Subtraction. 
11 

11 
Til 
121 

4^3, = 1331 

1331 
131769 

13^769 
13045131 

13045131 
1291467969 

1291467969 

127855328931 

127855328931 
12657677564169 

*o'5 T 3, = 1*26576776 true to eight places of dedmab. 

56. Thied Method, 

to be explained at the end of the work. 



+ 1 

— 5 
+ 10 

— 10 

+ 5 

— 1 



1 3 




V5|3,=i-2 657677564169 
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The left half of (D) is Bjmmetrical with the right half 
with contrary signs. 

Ex, 5. Beduce '3*7 f to a natural or common number. 

The products bj 7 ; 21 ; 35 ; &c. are very readily obtained, 
21 being 3 times 7, and 35 five times 7. 







FiBST Method. 




'3t = 


» 3 3 1 






•7 a 


9 








+ 1 




5 


1 


3 





- 7 


'o'7t 




1 5 


3 


9 


+ 21 






2 5 


6 2 


- 35 






3 6 


+ 35 



'3"7t =-67947564 



'3t 



Second Method, 
by common Subtraction. 

= 729 

729 



72171 
72171 

7144929 
7144929 

707347971 
707347971 

70027449129 
70027449129 

6932717463771 
6932717463771 

686339028913329 
686339028913329 

•3'7f = -67947563862419571 

The complete value of the given dual number, hence the 
first result is correct to eight places of decimals. 
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Thibd Method. 














+ 1 


1 o 


7 


o 


ai 


o 


35 


O 


35 


o 


31 





7 





1 




-3 


1 


o 


7 





31 


o 


35 





35 





31 


o 


7 


o 


1 




+ 3 




1 





7 





31 


o 


35 


o 


35 


O 


31 


o 


7 





1 


— 1 




I 





7 


O 


31 


o 


35 





35 


O 


31 


o 


7 


O I 




•3*7 1 =-67947563863419571 

J5r. 6. Eeduce 'o'o'o'o'8'3'o'o f; 'o'o'oVo'8'3'0 f and 
'o'o'o'o'o'o'8'3 'f to a common number. 

Second Case. 

looooolooo • • . +1 
1800... —8 



'Sf = 


•999992c 

a 


► 0. +1 

10 -3 


'8t'3t = 

6 7 


•9999c 

Pii 

10000 


)i7o 

tsT Case. 

0000 . -f 1 
8000. —8 


'3t 

6 


•999920 
3 


00 .... -f I 
00.,.. —3 


•8f3t = 

6 

'8t 


•999917 

Thiei 
I 000000 


00 

) Case. 

00+1 
80 -8 


'3^t 


•99999920 
3 


+ 1 
-3 



•99999917 

57. Hence, with respect to the descending branch, any 
dual number of four digits in the 5th, 6tb, 7th, and 8th posi- 
tions is converted to a common bj writing the arithmetical 
complement of the given dual number as of a common num- 
ber. A single example will make this matter intelligible. 

EXAIIPLE. 

*o'o'o'o'3'5'8'9 f = the ordinary number '9999641 1 true 
to eight places of decimals. 
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It is also evident that a dual number expressed by eight 
dual digits, four ascending and four descending, occupying 
the 5th, 6th, 7th, and 8th positions in each branch, is re- 
duced to a common number by merely taking the dual 
digits of one branch from those of the other as if common 
cumbers. 

•o'o'o*o'6'7'8'9 1 o,o,o,o,8,9,a,3,= i-oooos 134 

For, 8923 
6789 

2134 

•99997866= Vo'o'o'8'9'2'3 1 0,0,0,0,6,7,8,9, 

For, from 8923 
take 6789 

•00002134 take 
1 -oooooooo from 

•99997866 



Peoof; Pibst EEnrcTioK. 
^ 0,0,0,0,8,9,2,3,= i-oooo 8923 from 



6000 


-6 


700 

80 


-7 
-8 


9 


-9 



6789 take 



'6'7'8'9 1 8,9,2,3,= 100002134 

SEOoin) Beductiok. 

f 0,0,0,0,6,7,8,9,= 1-0000:6789 from 

• ••tl8ooo —8 

900 ~9 
20 —2 

3 -3 

8923 take 

'8V2'3|6,7,8,9,=-99997866 
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Pboblsm. 

Jbeending Branok. 

5B. To reduce to a common number the 4tb, 5th, 6thy 
7tb, and 8tb digits of a giyen dual number. 

BULE. 

Add to tbe dual number taken as a common number tbe 
tbird coefficient or operative number, counting the unit, 
belonging to the fourth digit, and the whole number pro- 
duced by multiplying the last four digits, considered a 
decimal, by the 4th digit. 

Examples. 

^Ex, 1. Beduce ^0,0,0,6,4,3,2,7, to a common number. 
The first three coefficients for 6 are 
i; 6; 15. 

And •4327 
6 

3" •• 

Tbe whole number 3 is found without performing tbe 
multiplication designated 

1 •00064327 
15 

3 , 

100064345=4,6,4,3,2,7, 

!Ex. 2. Beduce ^ 0,0,0,8,7,6,5,4, to a natural number. 

The coefficients for 8 are 1 ; 8 ; 28 ; 
and -7654 

8 

6 • * • • 

Then 1*00087654 
28 

? 4 

100087688=4,8,7,6,5,4, 

JEx. 3. Beduce ^ 0,0,0,5,6,7,8,9, to an ordinaiy number, 
^0,0,0,5,6,7,8,9 
1 o 
3 ■ 



1-0 0056802 =1 5A7A9 
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Fbobiam. 
Descending Braneh. 

59. To reduce to a common number fche J^t\ 5tfa, 6tfa, 
7tb, and 8th digits of a given dual number. 

BULE. 

Subtract from the dual number, taken as a common num- 
ber, the third coefficient belonging to the fourth dual digit, 
and the whole number produced by multiplying the last four 
digits, considered a decimal, by the 4th digit. Then sub- 
tract the whole from I'oooooooo, the remainder is the 
natural number required. 

Examples. 

Ex. 1. Beduce 'o'o'o'7'6'3'4'3f to a common number. 
The first three coefficients of 7 are 

1 ; 7 ; 21 ; 

And -6343 

7 

4. • • • • 

•00076343 . 
25 



•00076318 
•999a368a='7'6'3V3j 

JSr. 2. Eeduce 'o'o'o'4'9'3'6'7 f to a natural number. 
Coefficients for 4 are 1 ; 4 ; 6 ; 

•9367 

4 

4.... 

•00049367 

4 
6 

•00049357 

•99950643='4'9'3'6'7j^ 

The chief object of this chapter is the concise and prac- 
tical solution of the next problem ; many preparatory pro- 
cesses have been introduced and exemplified, so that the 
methods employed in the solution may be easily understood 
and remembered. 
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Pboblsm. 

60. To redace a dual number of eight digits to a common 
number* 

BXTLB I. 

Seduce the last fire digits to a common number ; then, 
beginning with this number, operate in succession for each 
of the three remaining digits, in any order whatever, observ- 
ing to divide the successive results counting from left to 
right into periods of three figwesy when operating for the 
third digit ; into periods of two figures^ when operating for 
the second digit; and into periods oi single figures j^RhQuiYie 
reduction is for the first digit. 

EZAMPLXS. 

JFo?. 1. Eeduce ^ 3,2>5A7>8,4,9i to a common number, 
^o, o, o, 6, 7, 8, 4, 9, (The last five digits 
1 5 < reduced to a com- 
5 (mon number. 



1 1 

3 
*3, 3 





1 


6 





7 

3 



8 

3 




6 
6 

3 
6 


9 

1 
6 
8 


1 -3 3 

is. 


190 

665 
1 


3 3 
9 5 
3 3 


4 
2 
2 

1 


i, ' "' ^ 


5 7 
7 7 
1 3 


6 1 
I 5 
3 8 


9 • 
2 • 
6 . 


.-. 1 -3 6 6 4 8 1 6 7 = *3.«,5,«,7,»,49, 


J&. a. Eeduce 10 1 1,7,1,3,9.7.6,8, to a natural number. 

3 
|o, 0, 0, 3, 9, 7, 6, 8, 

3 


1 'O 

7 

*7, 3 


3 9 

2 

1 
3 


7 I 
7 8 
8 

5 

3 


4 • 
4 • 

4 • 
1 

5 • 



107 



25617 



60 



HVJLJ, ASJTBMEXia. 



1 7 


3 


5 


6 


1 


7 


8 


1 


7 


s 


5 


6 


1 


8 


1 1 7 


9 


8 


1 


7 


9 


6 




1 


1 


7 


9 


8 


3 



*1, 



I 1 8 0-9 9 7 7 8 =10 1 1,7,1,3,9,7,6,8, 

JEr. 3. Eeduce *i'3'5'7'6'3'4'3 f 10* to a common num- 
ber. 

'o 'o 'o '7 '6 '3 •4j3t 

. > subtract 



4) 



•o o 076318 



\^ 



•2 A 
1 



•999 


236 


8 3 • Complement to i. 


4 


996 


1 8 •- 


9 


9 9 + 




1 •— 


•994a 


5 


6 3+ 


198 


8 5 


1 — 




9 9 


4 3+ 


•9 7 4 


4 


6 5 


5+ 



9 



744651- 



•8 7 "7 of 8 5 4 = 'i'a'5y6'3V3ti® 
Ev. 4. Eeduce '8' 1*3 f 10' to a natural number. 

•8t 



'it 




•430 


4 


6 


7 


3 


1 


4 


3 





4 


6 


7 


436 


1 


6 


3 


5 


4 . 


1, 


2 


7 


8 


4 


9 . 








1 


3 


8 . 



885. 

Pboblek. 



3 3 



+ 

= '8'i'3tio« 



61. To reduce a dual number of eight digits to a common 
number. 

Bulb II. 

Seduce the last five and the first three dual digits to 
common numbers separately, then multiply these numbers 
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together by common contracted multiplication, tbe prodact 
wifi be tbe required common number. 

Examples. 
Ex. 5. Seduce \ 7,3,6,0,7,8,3,6, to a common number. 

4^7, 



A 




^2, 



Contr, 

Mult. 



1-9 4 


8 7 1 


7 I 


1 


1 6 9 


330 


3 


923 




4 


1-9 


6 


4 3 


8 6 


7 • 




3 9 


3 


8 7 


7 • 




1 9 


6 


4 • 



99984348 

|6 2870ooo*i = i*oooo7Ba6 

J . Inverted 

1-99984348 

13999 

1600 

4 o 

1 3 



.-.(8), 2. on '9 9 9 9 9 9 9 9=4^7,2,6,0,7,8,2,6, 

jEr. 6. Eeduce •io'3'7'4'2'3'4'5 f 'o* to an ordinary 
number. 

Vo*oV2'3'£5 1 
6 

1 



•00042338 



•lof 




*3^t 



3 4 

1 



8 6 

o 4 

1 



7 8 
6 o 
o 4 



440 

3 5- 

60 + 

3 5- 



1 + 



338 



322 
p SI 



3 4 



62 



orAx> Aurmurxo. 





3 


3 


8 


3 


2 


2 


3 


4' + 




'7t 






s 


3 


6 


8 


.2 


6-- 


S 












7 


1 


0- + 
1 • — 




3 


3 


5 


9 


5 


3 


1 


7rrom- 


the mult, by 










1 


3 


4 
6 

1 


3 

7 
o 

1 


8 - 4 

2—2 
1 ~ 3 

0-3 
3 - 8 


•00042338 










1 


4^ 


2 


2 


4 Take- 





3 3 5*8 I o 9 3=io'3'7'4V3'4'5f to" 

62. To reduce a dual number of any given number of 
digits to a common number. 

Btjus ni. 

Beduce the dual digits seriatim to the corresponding 
common number, dividing the result at each successive step 
into periods agreein^^ (21) (22) (51) with the position of 
each digit as the reduction is being made for that digit. 

Examples. 

Hx, 7. Find the common number represented bj 
J, 0,3,2,1,3,3,0,5,7,7,7,8,5,3, 



^3, 



s 

J, 2, 



4 
J,l, 





*3, 



ii. 



10 00 


00 


00.5 


7 77 


85 


3 


30 


00 


000 


173 


33 


6 




30 


000 


001 


73 


3 




100 


000 


00 


6 


103030 105 


952 


928 


206 060 


211 


906 


103 


030 


106 


1032 


3626 c 


M94 


940 




1032 5 


1626 


919 



10324165928121859 

13097397785 

I30974 



103249J690250 
I309749 



618 

071 
310 



103249999999999 or 10325, (8) 
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63. Different methods of reduction are here introducedy 
each eztremelj simple, yet cases ¥dll occur when one of 
them will have the preference. A dual number multiplied 
hj an ordinary number can be brought by similar means to 
an ordinary number. Proper examples fully worked out 
place the leading points of each method in a clear lighty so 
that the practic^ bearing of each is easily observed. 

Ik. 8. Find the value of 12*344^ 2,3,4, i^ common num- 
bers true to twelve places of figures. 



J. 2, 



4^3. 



s 



12 

3 


3 
4 
1 


4 

6 
2 



8 
3 




4 


00 
00 
00 























14 


9 3 
44 


14 

79 
44 


00 
42 
79 
14 


00 
00 
42 
9:1 


00 
00 
00 
14 


153838 
615 


3*^3 
35 3 
923 


514 
454 
030 

615 



15-4454640613 
See ^. 2. Page ig. 

JSa. 9. Find the value of '2*3 f io'2 ^ 5,5, in common 
numbers. 





+ 1 


— 1 


5 


10 


10 


5 


1 












— 2 




1 


5 


10 


10 


5 


1 




+ 1 
+ 1 

-3 
+ 3 
— 1 




1 


5 


10 


10 


51 


1 

[ 

n 1 




13155131 




—130 

• 


4 5 131 

f^ A ir 1 






3 


^ *^ * * 






*■ 


-13045131 








13 3 5 8 237644231 

1 


'3'3|5,= 


1 2 


6 5 
6 3 

1 


7 6 
2 8 
2 6 

1 


77 
83 
57 
26 


66 
87 
67 
5 7 
63 


41 
82 
76 
68 
29 
13 


69 


»2'3fl0'2 


1 
=2 


3 
6 


3 
6 






3 
6 


3 
6 


•46 
.92 


33 
66 


og 
18 


twice. 



M SITAL i.SITHMETIO. 

See example 5, page 18, where i330d3'4^B... is found 
by common addition and sabtraetioni (so). 

Examples yob Pbactiox. 
Xx. 10. Beduoe 

'o'o'o'3'o'a'fl'o'o'a'5'7'9*5 J 0,3,0,0,1,0,5,5, 

to a common number. Ans, 1*03 

Ev. 11. Beduce 

'o'o'i'o'o'ro'i*oV6'a'3'fl T 0,5,0,0,4,0,0,2,0,5, 

to a common number. Ans. 1*05 

JSx. 12. Find the value of Vs'^ 1 47*35 in common num- 

hers. See example 3, page 16. Ans. 30*0832669766 
Hx. 13. Find the value of 

'o'o'i'4'3'3'o'o'6»6'o'8'5'6 1 o,6,o,o,o,4:5, 

in common numbers. Ans. 106 

JSf. 14. Find the value of 

'o*o'o'6*o'o'6'o'o'i'5'7'3'7 t 0,4,0,0,2,6,0,2, 

in common numbers. Ans. 1*04 



CHAPTEE ni. 



64. TO BEDUOl OOMHOK TO DUAL IHTHBEBS WTTHOrT 
THE rSE Ol* TABLES. 

The chief problem of this chapter is the inverse of that* 
of the last; the solution of the tnt^^^d presents no difficulty, 
the direct operations being understooa from the nature and 
flexibility of dual developments. Auguste Omfe, in his 
" JBIiilosoj^Tiy of Mathematics^^* truly says, in summing up 
some of his general inquiries, '^ We have determined, at the 
beginning of this chapter, wherein properly consists the 
difficulty which we experience in putting mathematical 
questions into equations. It is essentially because of the 
msufficiency of the very small number of analytical elements 
which we possess, that the relation of the concrete to the 
abstract is usually so difficult to establish. Let us endea- 
vour now to appreciate in a philosophical manner the 
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general process bj which the human mind has succeeded, iu 
BO great a number of important cases, in overcoming this 
fundamental obstacle. 

^ JBtrst, hy the OreoHon qfNew FuneHom. — In looking at 
tbis important question &om the most general point of 
yiew, we are led at once to the conception of one means of 
facilitating the establishment of the equations of pheno- 
mena. Since the principal obstacle in this matter comes 
from the too small number of our analytical elements, the 
whole question would seem to be reduced to creating new 
ones. But this means, though natural, is reallj illusory ; 
and though it mi^ht be useful, it is certainly insufficient. 
In fact, the creation of an elementary abstract function, 
which shall be veritably new, presents in itself the greatest 
difficulties, 

'* There is even something contradictory in such an idea; 
for a new analytical element would evidently not fulfil its 
essential and appropriate conditions, if we could not imme- 
diately determine its value. Now, on the other hand, how 
are we to determine the value of a new function which is 
truly simple, that is, which is not formed by a combination 
of those already known ? That appears almost impossible. 
The introduction into analysis of another elementary 
abstract function, or rather another couple of functions, for 
each would be accompanied by its inverse, supposes then of 
necessity the simultaneous creation of a new arithmetical 
operation, which is certainly very difficult." The art and 
science of dual arithmetic supply all these requirements. 

65. TO BEDUCE COMMOir TO DITAIi KUMBEBS. 

Bulb. 

Take the common number corresponding to a dual digit 
of either branch, so that the leading figures of this number 
may approach the leading figures of the given number ; then 
the dual digits, which have to be applied to bring the num- 
ber selected to the given one, are the other digits of the 
required dual number. 

In all dual developments, it should be remembered that 
a great many dual numbers can be found to represent the 
same common number. In reducing a common to a dual 
number, the work may be oflen abridged by multiplying or 
dividing either the number selected or the given number 
by 2, 4, or 8. 



S6 
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EZAHFLIB. 

1. Redace 1234*56789 to a dual number. 

It is not necessary to attend to the position of the ded* 
mal point until the work is completed. 

J,2, = 
^\ 

4,2, 



8 
|1, 



Then 10' 1 2,2,0,2,0,0,0,1,0,9,= 1234-56789 

66. When the dual number is restricted to nine poai- 
tions, this number becomes, 

io» J, 2,2,0,2,0,0,0,1,1, 
the proper allowance being made for the digit rejected, 
(6), (35). 

2. Bednce 987-654321 to a dual number. 



12 


10 


00 


00 


00 




24 


20 


00 


00 






12 


10 


00 


12343210 
2468 


0000 
6420 




1234 


12345678 
t 


7 654 Take 
1346 Diff. 




1235 


-10 


111 


* 


9i 






111 



Vif 

2f 
s 

•3t 



'7t 

f 

'If 
6 



•9901000 
1I98O 



000 
000 

990 



988012099 



0000 + 



000+ 
000— 
000 + 



2I96406297— 
9641+ 

1 — 



98772146133 
6I91407 

20 



43+ 

23- 

74+ 



987655474694 
987655 



•«,t 



'6t 



987654 487039 Take giren N. from 

••••t 

i|66o39 Di£ 
I98765 
617274 
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57 



'6t 



'1 t 

11 
'6 t 



617274 

5I925? 

81015 

71901 

H 

98 

6 



Then 987-654321 = ViV3'7'i'i'6'8'i'i'6t io» 

TO TTSD EAOH COKSEOXTTITE DUAL DIGIT AITTBB THB 
nBST IB BSLECTED. 

BULE. 

^^67. Take the difference between the given number 
and the result last found, then observe what multiple, the 
left hand figures of the step completed, is near this diffe- 
rence; that multiple gives a convenient dual digit to occupy 
the next position in order. 

In the last example, having found the digits 'o'i'a's • • • • 
the resiUt is 987734613343, therefore according to the rule 



Besult, 98772 
Given number, 98765 



98-0 



4 

o Diff. (7 times, about. 



68. Then '7 maj be taken as the dual digit to occupy the 
fifth position, as we have no occasion to turn back and try 
another number, for then the method would be merely a 
method of approximation. Whether the results arrived at 
be greater or less than the given number, the process may 
be continued, since digits of either branch may be intro- 
duced at any stage of the reduction. To illustrate this veKy 
important property y let the digits 'o'i'2'4'*" be taken 
instead of 'o'i*2'3 • • • then it will be seen, by the following 
reduction, that the result arrived at will be 987625840881, 
which is less than the given number ; then the next digit 
must belong to the ascending branch ; 
Given number, 98765 1 
Besult, 98762J 
98 • • •) 



43 

58 

85 Diff. (3, times. 
94 



D 3 



58 
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'if 
'4t 



= • 99o!ooo|ooo 

1I980 



000+ 
000— 
000+ 



»ooo 

990 

988o|2099(oooo+ 

3I9520I8396- 

5:92814- 

I 4- 



9876215840 
2I9628 



881 + 

775 + 
296+ 



^'3, 



987655 469952 rrom ; take given N, 



'if 



'if 

7 

'6f 



148952 Bemainder 
987655 



•3;^ 

'3t 



61297 Contr. comm. div., 

98765 987654 being the 

divisor 



2532 
9259 

3J273 
21963 



'1 t 
11 

U 



10 

96 

IS 



/. •987-654321 is also equal to 

'o'i'2Vo'i'i'6'3'3'i'5t 0,0,0,0,3. 

Many dual numbers may be found to represent the same 
common number. Those of the present example, for nine 
places of figures, become 

Vi'2'4'0'1'1'6 1 10*^0,0,0,0,3, and ViV3'7'i'i'7 f io», 
not more than eight consecutive positions of either branch 
being occupied by dual digits. 

69. In similar reductions half the digits of the required 
dual number being found by contracted division ; when the 
number is great, mental labour may be saved if 1,2,3 ' * * * 9 
times the divisor be taken, which can be done as follows, 
with little more mental exertion than that required to write 
the results ; multiplication and division by 2, and simple 
aubtraction being the chief operations required. In the 
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second example the diyiBor is 987654 ; without placing these 
multiples in regular order, they are given in the order in 
nrhich thej are most conyeniently set down, and numbered 
(I), (II), (in), Ac. as follbws:— 

3—2962962 (V) Ten times (I). 

. ,, |~i- 987654 (I) ^alf 9876540 

^^^|_2-i275308 (II) (VI) 3938270 -5 

4-3950616 (III) 

8-7901232 (IV) 9876540 



3950616 
(VII) 59259«4-6 



9876540 
2962962 



(VIII) 6913578-7 times 987654. 

9876540 
987654 
(IX) 8888886-9 times 987654. 

70. To apply the operative numbers in the ordinary way 
Wore explained (23), (49), presents no diflSculty, yet their 
application may be much simplified in many cases, as the 
succeeding instances will show. Passing the operative, 
numbers (1 1) ; (1 2 1) ; (1 3 3 1) ; the next set in order 
is (1 4 6 4 1), the number for the coefficient 4 being found, 
the result for 6 can be found by a simple subtraction. 

Examples. 
JEr. 1. Multiply 453176842 by Jf 0,0,4, 
Tsike |-ft- i8i2*7 ^^ down temporarily. 



Prom |453;i»76 

'-= — ij8 12 



1842 
1707 

^719 
^6, 2 



1 

4 Operative 
6 numbers. 

4 
(1) Not required. 



EXFLAITATION. 

Take 1812*7 One period off; 4 times. 
Erom 4531*7 Two periods off; 10 times giren No. 
Piff 2719 Si^ times, commencing two periods 
from the right. 
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JEr. «. Multiply 874983768 by ^04, 

Take rg' 349993 5*^ tempo rarily Bet down, 
rrom |87|49|83 



314999 
34 



7*6 
3 5 
9 9 



— 1 

leDiff. 

-4 

— I 



ExPLAiygD THUS* 

Take 3499935*1 (One period off) ; 4 times. 
From 8749837«6 Two periods ofl^ mult, by 10. 

Diff. 5249902*5 
OP 524990- 

71. Hence, the result for 4 being found, the other restilta 
for the coefficients (**6 4 1) may be readily obtained. To 
operate with (1 5 10 10 5 i)i8a simple matter, 
smce any number as 3764*273 multiplied by 10 becomes 
3764a 7 3. To multiply the same number by 5 take half 
3764273, thus 

2) 3764273 
18821-365=5 times 3764-273. 

72. An easy way to find results for the coefficients 

(I 6 15 20 15 6 1). 

Examples. 

Ex. 1. Find the value of 345678855 \ 0,6, to nine places 
of figures. 

Do'lISe } 69135:771000 = 20times 

Add direct )l728394275 
and > \NX\vs\\ \ 

^or^y ) I 34|5 6|7 818 51.5 I jg^X^o^^I^ 



2^0 7 4 o 7 3 1 3*0 o = 6 times 
5 1 8J5 1 8 2*8 2 5 = 15 times. 

Hence, when the given number is set down and the 
periods balanced, the other numbers may be set down im- 
mediately. From the right of each in succession reject 
two, four, six, eight, &c. figures, then the results may be 
placed in proper order. 
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This separation is 


at 


• 


• • 


&c 




Common Mbthod. 




e d e b a 






3456788550 

2074073 13 

5185182 

6'9i 36 

5:19 

1 2 


1 

6 times, 1 

20 „ 

15 „ 

6 „ 


egii 

99 



» e 



36 69-45 07 o • 

lEx. 2. Pind the value of 345678855 \ 0,0,6, to nine places 
of figures. 

6*9 13577100 



o, after Double 
Half 
Given number 



—20 



1728394275 

345I678I855 



2 o 7 4 o 7 3*1 3 o —6 
5185,182825 —15 
Casting off 3, 6, 9, &c. figures from the right. 

Oedinabt Method. 
c h a 



A 



345 
2 



678 
074 
5 



855 
073 
185 

7 



6 times, beginning at a 

^5 99 99 » ^ 

20 „ ,, „ G 



347 758 120- 

JEx. 3. Eind the value of '6 f 345678*855 to nine places 
of figures. 

Zero after Double (N) 6 9 1 3 5 7 7*1 o o = 20 

Half (N) 1728394275 

Given number (N) 



345,678855 = 1 

= 6 

15 



2 o 7 4 0.7 3 1 3*0 
5 1 8 5 1 8.2 8*2 5 = 
Castmg off 1, 2, 3, 4, 5, 6 figures from the right ia suc- 



cession. 
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45 



Obdikabt Mithob. 

fed e ha 



7 
1 



6,7 
4,0 
8!5, 



88 

73 
1 8 

0|7: 
3: 



55 
77 



— 6, beginning at a 



15 

20 

15 

6 

1 






18370791 6 



'73. To find the arithmetical complement of a given 

number ; — ^begin at the left and subtract each figure from 9, 
except the last figure on the right, which take from 10 ; the 
result with minus 1 (written i), placed on the left ia a 
number called the arithmetical complement. 

No. 207407313 1 Q _^ 
Arith. com. T792592687 j ^"^^ - ^• 

When dual digits of the descending branch are introduced, 
subtractions may be avoided hj employing the arithmetical 
complements of the numbers to be subtracted. 

When the numbers for the respective coefficients are 
found by the contracted process, the yertical lines employed 
to divide the figures into periods may be omitted, besides, 
the arithmetical complements of the numbers to be sub- 
tracted can be set down without further preparation. .From 
these advantages the contracted methods will be preferred 
in many cases. 73. 



345678 855 1 

1792592 687 Ar. com. for 6 

51851 828 15 

13086 423 Ar. com. for 20 

518518 15 

179 259 Ar. com. for 6 

346 I 

i83707'9i6 

Hx. 4. Bequired the numbers that should be added to 
199876436758* to produce the same result as to multiply it 
by (101)*, true to twelve places of figures ; or which is the 
same thing, find the value of 199876438758 \ 0,6, 
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GOKTSA.OTEB PbELIHIKABY OPEBATIOJfrS. 

Twice, with o after 399752 8,7 75160 ao 
Ijefb oblique. Half 999382193790 

\\\\\\N\\\\\\ 

Given No . ,199876438758 1 

^j^f direct 119.92586325.48 6 

lobliquely 29981.4658.1370 15 

Addition. 

199876438758 1 

11992586325* 6 

, 299814658* 15 

4r6, 3997529* 20 

89981* 15 

120* 6 

o 1 

Required product -212172867371 

74. A simple method to find results for the coefficients 
(1 7 21 35 35 21 7 1). 
This method, like those before given, will be immediately 
understood from its application to one or two examples. 

JEx, 1. Find the value of '7 f 1*45678979 to nine places 
of figures. 

PbELIHIKABY 0PEBi.TI01!rS, 

requiring but multiplication by 3 and division by 2. 

Given number i4«5 678979 1 

3 times placed a fig. to right. 437036927 

Diff. 1 o 1 9.7 5 2 8 6.3 7 

3 times (7) 3 05 9 2.5 8 5*89 21 

Salf (7) 50987 6.4.3 1 5 35 

"WOEK. 

_1'45678979* 1 

18 98024714* Ar. CO. 7 

30592586* 21 

14901236* At. CO. 35 

'7t 509876* 35 

169407* Ar. CO. 21 

1020* 7 

785* Ar. CO. 1 

•69677803 



64 
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Ex. 3. Find the Talue of 875231866 1 0,0,7, troe to nine 
places of figures. 

FSELnOlTABT OPXSATIOKS. 

GKven number 875231866 1 

3 times moved a figure to right 3625695598 



Diff. 612662 3^0 62 
3 times diff. 1 8 3 7 9,8 6 9 1 8 6 
Diff. with o, half 3 0.6 33115310 



7 
21 

35 



WOEK. 

I a 



875 
6 



231 
126 

18 



866 
623 
380 

31 
o 



1 

7 
21 

35 
35 



881376900- 



75. This result may be more readily found hj the ordi- 
rxvy method; namely, mult. (1) by 7 beginning at a; 
3x(7)=2i; and5x(7)=35. 

In many cases the ordinary method is the best. 

76. To render these contractions complete, examples to 
illustrate short methods when operating with the coefficients 
(1 8 28 56 70 56 28 8 1) and (l 9 36 84 126 126 84 36 9 1) 
are here added, althoutrh in practice seldom more than the 
use of (8 28) and (9 36) is required. 

Examples. 

Ex, 1. Find the value of 168594788^^0,6, true to nine 
places of figures. 

PnxLiMnrjLBT Aubanoement. 
n from (8) with o. 1 i 8^0 1 6 3 5 1 6 o yo 
168594788 1 



II 



2g 



Put W= 
Twice « 

Diff. obliquely taken 
Sum obliquely taken 
Double 



337189576^ 

1348758^04" 8 

472065^4064 28 

.9441,30*81 2H 56 
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WOBK. 




n =1 168594788 


1 


13487583* 


8 


472065* 


28 


944»* 


56 


ii8* 


70 


1* 


56 



05 



183563996 

£hp. a. Multiply 98765432123456789000 by C999)*; the 
product to be correct to 20 places of figures. 

Pbepabatobt Abbakgemekts. 
n from (8) ; with o after 691 358 0248*64 197 523 0000 70 



Sub. as indicated 
Add, as indicated 



*= 98 765 4321 23 456 789 000 1 

^= 197 530 8642 46 913 578 000 

^79o"i23 4569%7^54 312,000 8 

2765,432 0994 56 790.092 000 28 

5530 864,1989 13,580 184 000 56 



Then Add 

98765432123456789000 1 

T209876543012345688* At. CO. 8 

2765432099456790* 28 

14469135801086* At. CO. ^% 

6913580249* 70 

T4469136* At. CO. 56 

2765* 28 

T9* At. CO. 8 

979680685746 1 24447 1 3 

The addition is the chief operation, the preparatory ope- 
rations being little more than arrangement. 

JBv. 3. Find the yalue of 8-357689644^99 true to nine 
pUces of figures. 



j>val abitiimxtio. 
Pbxlimikabieb. 



tj^^f 3008^76827^04 36 

(. 7 fi.a 1 9 3 o 6 7.6 9 

Subtract I »"-^°-^3 5 7,M9A*« 

( (Giv.No.*835768964 1 

Add i \\\\\\\\\ 

^^^^ Half 4178844820 



N » » \ * » V \ 



Take from (9) 501461 37 84 

70204.592,976 84 
Half 35102296488 

1 053068,8.9464 126 

77. The dual digit 9 in any position of either branch can 
be applied to 835768964, when the above preparation is 
made; proper attention being paid to the changing of ••♦.... 
The same remark applies to the preceding contracted op^ 
rations. 

WOEK. 



835768964 


1 


752192068* 


9 


3 00876827* 


36 


70«04593* 


84 


10530688* 


126 


1053069* 


126 


70205* 


84 


3009* 


36 


75* 


9 


1* 


1 



19*70699499 true to the last figure. 

Examples pob Practice. 

JSx, 1. Bednce 1*03 to a dual number of fourteen dual 

s 

digits. Ans. '3'o'2'2'o'o'2'5'7'9'5 t 30Ai,o,5,5i 

JEx, 2. What dual number of twenty digits will reduce 
to 1*1 without involving I'l or any power of it? 

t 

Ans. '3'o'o'o'5 | 9,5,7,6,o,o,3,5,8,o,8,o,7,4,4,4,«,7,8, 



s 
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The consecutive results are 

1 9,= 109368527268436090100 

s 
^ 5,= 109916464684283179601 

4 
^ 7,= 109993429295867222521 

'3 f = 109993396297841733564 
7 


^6,= 10999999606661 1 898399 

4^ 3,= 10999999936661 1813397 

^5,= 10999999991661 181 1330 

'5 f =109999999911111811334 

u 

^ 8,= 1099999999991 11 81 1294 



888188706 

1-1) 888188706 r common 
8,(5,7,4,4,4,2,7,8, (.division. 

Hx, 3. Eedace 1*0325 to a dual number of fourteen 
digits. Ans. \ 0,3,2,1,3,3,0,5,7,7,7,8,5,3, 

JEx. 4. Eeduce 109 to a dual number. 

Am. 'o'iVi'o'r6'5'o'2'8'i'4'4| 1,0,1,0,2, 
Hx, 5. Beduce i'o8 to a dual number. 

An9. 'o'o'o'3'o'4'o'o'8'4V8'9'8'o 1 0,8,0,4, 
Ex, 6. Beduce 107 to a dual number. 

Am. Vo'2'0'0'3'0'6'6'7'8 1 0,7,0,0,1,0,4,0,0,0,0,0,3,3, 
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CHAPTEE IV. 

78. TO OONTBBT A DUAL inTMBEB OTTO A DFAX LOGA- 
BITHHy WITHOirr THI TTBB OF TABLES. 

Bulb I. 

When the doal nnmber to be redaced is composed of 
digits belonging to both branches; reduce the digits of the 
ascending branch to the eighth position hj Sule U., and the 
digits of the descending branch to the same position by 
Bale III. ; the difference of these results is the dual loga- 
rithm required, and belongs to the side that gives the 
greater number. (38), (45), (46), (47). 

Abcekdikg Bbakch. 
Bulb IL 

To the dual number, taken as a common number, add 
31018 times the first digit, and 33 times the second ; then 
subtract 5 times the firot three digits, a cipher being sap- 
posed after each, the remainder is the dual logarithm. 

Examples. 

Hx. 1. Find the dual logarithm of jf 3,1,4,1,2,1,1,3, 
^ 3,1,4,1,2,1,1,3, 

93054=3 times 31018 

3 3 =once 33 

31 505200 
Subtract 1505300 =5 times 3,01,04,0 
Dual logarithm = 30000000, 
The common number answering to 

/ 3,1,4,1,2,1,1,3 = 1-34985881 (60); 
t, (1-34985881) = 30000000, 
JEk. 2. Eeduce ^ 7,2,6,0,7,8,2,6, to a dual logarithm. 
4,7,2,6,0,7,8,2,6, 

2 1 7 1 2 6 =7 times 31018 

66 =a times 33 

72825018 
3510300= 5 times 7AaA6,0| 
Dual logarithm = 69314718, 
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79« Bnle II. may be applied under another form, which 
may be expressed thus : — 

Add together the dnal number taken as a common num« 
ber, the first digit times 31018, the second digit times 33, 
and the arithmetical complement of the first three digits, 
tvftb (o) after each, multiplied bj 5 ; the sum wQl be the 
dual logarithm. 

^7,2,6,0,7,8,2,6, 
16489700 =Ar. CO. 702060x5 
217126 =7x31018 
66=2x33 

69314718, 
Ea. 3. Beduce \ 8,5,7,7,7,0,4,1, to a dual logarithm. 
Mrat method, 

^8.5,7,7,7,0,4,1, 

248 144 =8x31018 

165=5x33 

86025350 
4025350=5x8,05,07,0 



Dual log. = 82000000, 

Second method. 

Dual as coip. No. = 85777041 

15974650= Ar. CO. of 5x8,05^07,0 
248144=8x31018 
165=5x33 



D. L. = 82000000, 

. DxscEiTDnra Bbakos. 

BXTLB III. 

80. Add together the dual number taken as a common 
nnmber, 5 times the first three dual digits, supposing a 
^^her after each, 36052 times the first di^t, and 34 times 
the second, the sum inSL be the dual logarithm. 
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Examples. 
JEr. 1. Bediioe *a'3V6'6'7'8'9 f lo* to a dnal bgaritimL 

Dual number 'a'3V5'6'7'8'9 f 

1015300 =5 X 'ao'3o'4o 

72104 =2x36052 

102 =3x34 



Dual log. =: •24544 195 
230258509 X4 =921034036,= ^, (10)* 

896489841, Beqnired logarithm. 

Ux. 2. Beduoe *6'6'o'6'8'2'o'2 f io« to a logarithm. 

'6'6'o'6'8'2V2 f 

3030000 =5x606000 
216312 =6x 36052 
204 =6x34 

'69314718 
3 X 230258509, = 690775527,=!, (io)» 

621460809, 

'6'6V6'8'2'o'2t = -5 ••. ^,(500) = 621460809, 

JSx. 3. Bedacc the dual number 

'0'0'4'2'0'l'l'2 1 0,10,0,0,1,0,0,0, 

1-1 

to a dual logarithm, 
add 200 330 add 

'o'oV2'o'i'i'2 1 0,10,0,0,1,0,0,0, 

50000 subtract 

'420312 9951330, 

'420312 

9531018 

.% 4^ (ri) = 9531018, or 1-1 = 1 0,0,0,0,0,0,0,9531018, 
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JSr. 4« Bedace the dual number 

'o'o'o'o'4'5'o'o I 0,0,10,0,0,0,3,3, 

1-01 

to a dual logarithm. 
Vo'0'0'4'5'0'0 1 0,0,10,0,0,0,3,3, 

500 subtract 

999533, 
'4500 



995033, 

.-. 4^ (i-Oi) = 995033, or 101 = ^995033, 
JBr. 5« Beduce the dual number 

*oVoVo'o'4'5 T 0,0,0,10,0,0,0,0, 

1001 

to a dual logarithm. 

Vo'0'0'0'0'4'5 I 0,0,0,10,0,0,0,0, 

5 

99995, 

'45 



99950, 

8 

.-. ^, (l-ooi) = 99950, or I 001 = 4,99950, 
Ex,6, Eeduce'o'oVo'o'o'o'o-45T 0,0,0,0,10,0,0,0, to a 
dual logarithm. = 

I'OOOl 

6 
•45 I 10,0,0,0, 

. [45 

99 99,55= 10000, 

8 

.•. ^ (1 0001) = 10000, or 10001=4, 10000, very nearly. 

81. Each of the bases may be expressed in terms of those 
succeeding it. The following tabulated developments are 
extended to twenty consecutive dual digits, and will be 
found useful when accurate results are required to any 
number of places of figures less than twenty. 
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•9 4, 1,1,0,1,0,0,0,1,0,0,0,0,0,0,0,1,0,0,0,0,=!. 

•99 ^ 0,l,0,l,0,0,0,l,0,0,0,0,0,0,0,l,0,0,0,0,=:l. 

•999 I 0,0,1,0,0,1,0,0,0,0,0,1,0,0,0,0,0,0,0,0,= 1. 

•9999 ^ 0,0,0,l,0,0,0,l,0,0,0,0,0,0,0,l,0,0,0,0,=:l. 

&c. 
82. Since tbe logarithm of i*=o, then for eight dual 
digits, the dual logarithm of -g added to ^ 1,1,0,1,0,0,0,1, 
reduced to a dual logarithm, =o, written (38) 

^, C9) +^, i,i,o,i,o,o,o,i,=o. 
Therefore, when the dual logarithm of ^ 1,1,0,1,0,0,0,1, is 
found, the dual logarithm of *9 becomes known. In a similar 
way the dual logarithm of '99; '999; &c. may be ascer- 
tained. 

EZAltPIiES* 

Ex. u Bequired the dual logarithm of '9=*i f = 
^ i,=953ioi8, 

^, 1,= 995033, 
^, 1,= 10000, 

1053605a, 

8 
.-. 4,, 1,1,0,1,0,0,0,1, = 4 10536052, 

.-. 4,1,1,0,1,0,0,0,1, = 10536053, 

/, 4,09) = '10536052; 

or '9 = 'I'o'o'o'o'o'o'of = 'o' o'o'o'o'oV 10536052 f 

= '10536052! 

- £x. 2. Eequired the dual logarithm of '99 
•9940,1,0,1,0,0,0,1, = 1 



h 


i,=995033. 


^ 


1,= 10000, 


i! 


1,= 1, 




1005034, 


^(•99) 


= '1005034. 



74 



DUAL ABITHMXTIC. 



JSp. 3. Eeduce 'o'o'i f = -999 to a dual logaritiim. 

•999 4^0,0,1,0,0,1,0,0,= !. 

.•• 4r, 1,= 99950, 



^, 1,= 



100, 



100050, 
.'• ^, (-999) = '100050, 
Ex, 4. Find the dual logarithm *9999 the fourth base of 
the descending branch. 

•9999^0,0,0,1,0,0,0,1,=!, 

4 8 

4^ 1, = 4f 10000, 



^ 1, = 4, 



1, 



10001, 

.'• \i C9999) = '10000 very nearly (47). 
Ex. 5. Find the dual number registered for 1*01 in the 
preceding table. 



100 0/0 o 5/0 o 0/0 o 0/0 o 2/0 o 0/0 o 0/ 

1/ 4/ 2/ 1/ 5/ 1/ 2i 

1/ 2/ 2/ 2/ I, 



^10, 



10 10 



'4t 





45120 
40401 



21025 
80480 
60602 



22101 
84 I o o 
70 721 
40401 



1010004 



719011 4|6 683198 

30300141570344 

13 o 3 o o 1 4 



10100050 


2201 
3030 


2912 
0150 


83556 
66039 
30300 


101000505231 
'5^t 505002 


306379 
526156 
010005 

1 


895+ 
532- 
5 2 + 
1 0— 



^3^ 



^'3, 



10100000 o|2 2979022 7|4 o 54- 
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'2f 



2 f 

10 



10100000022 
2 


9790227 
2000000 


4 
46 
1 


6 + 
0— 

1 + 


1 o 100000002779022704 

2020000000 


6 + 
6- 


10100000000 


7 6 9 a 3 7 

707 


4 1 


U 




520 
505 



'If 

13 



'5t 



15a 
|i o 1 

"5 1 2 
505 



'7 t 



770 
707 



'6 t 

17 



606 



'2 t 

18 

'7t 



2 8 1 
202 



790 
707 



'8 t 
so 



830- 
808 



2 2 



101 

II 

'o'o'o'o'4'5'o'o'2'2'7'5'iVo'7'6'2'7'8 t combined with the 

descending digits 0,0,10,0,0,0,3,3,0,0,0,0,0,0,0,0,0,0,0,0, 

In the table (81), page 72, many of the ciphers are omitted. 

JBa?. 6. Find a dual number of twenty consecutive digits, 
so as to verify the value of (I'l), given in the preceding table 
(81}, and give the whole work unabridged. Each of the bases 
iuyc^ved must be less than (I'l). 




^'10, 
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•4t 



•2f 
'if 
'if 
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•4t 

11 
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3 12 


4 4 » 


848 




663 



5 4 1 
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7 7 3 
4 4 1 
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275 
848 
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1002 
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2 2 
1 o 
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4 8 1 
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o 1 + 

4— 
2 3-1- 
64- 

1 3 + 



8279 
2249 
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2200 



6232 

4425 
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10000 



22907 
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7 5 3 
246 
221 
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623 



7H- 
1 — 

84- 
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90 7 
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2907 
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6 o 
o o 



1 4+ 

2 8- 



8568 
2907 



8 6-h 
6 o- 
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6 03 
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5 6 611 
o o 5J7 
3 



2 6 

2 3 
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100 00 o o 
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721 

4 4 7 
1 1 o 
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7+ 
1 — 

3 + 



1000000000 
(11) 



603 
4 



538419 



2035384190. 
•1 '8 '5 '0*3 '4 '9 '2 '7 



s 



9 I 

t3,' 



1*1 

II 

VoV2'o'i'i'2V3Vi'8'5'o'3V9'2'7 I combined with the 
ascending digits 0,10,0,0,1,0,0,0,3,0,0,0,0,0,0,0,0,0,0,0, 

The other dual numbers tabulated in (81) page 72, are readily 
found. It has been assumed that 

(riy=^i, =^9531018, 

(1-01)'=^ 0,1, = J. 995033, 

(rooi)'= ^ 0,0,1, = J, 99950, 

8 

(X'000l)'= ^ 0,0,0,1, = ^ 10000, 
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But these equalitieB may be established in an indepena. 
ent and a direct manner with great ease. Thus, from the 
tabulated arrangement (81), established by simple and 
direct operations, may be taken the eight digits D E F, 
CBA. 

^o,o,o,i,='oVo'oVo'o'o.4.B 1 0,0,0,0,10,0,0,0,= i 9999,5 
^0,0,1, ='o'o'o'o'o'o'4'5 jf 0,0,0,10,0,0,0,0, 
^ 0,1, =:'o'o'o'o'4'5'o'o 1 0,0,10,0,0,0,3,3, 

J, 1, ='0'0V2'0'l'l'2 I 0,10,0,0,1,0,0,0, 

^ 0,0,0,1, = J, 9999.5= ^ 10000, (35) (6) 

/. Jr 0,0,0,10,= J, 99995, 

for, if (I'oooi)^ =(i-oooooooi)^^*' 
then (i*oooiy**=(i-oooooooi)"^; 
(55) 'o*o'o'o'o'oV5 t= '45 1> *°<1 consequently 

8 

^o'o'o'o'o'oV5 1 o,o,o,io,o,o,o,o,='45 1 99995,=4r 99950, 

8 

^0,0,1, = J, 99950, 

J, 0,0,10.= J, 999500, 

and /. ^ 0,0,10,0,0,0,3,3,= ^ 999533, 
also '0'0'0'0'4'5'0'of = '4500 f (55), 

8 

.-. 'oVo'oV5'o'o I o,o,io,o,o,o,3;3,='450o 1 999533,=* 

8 
>t 995033, 

.*. ^0,1, =^995033, 
.-. ^0,10,= ^9950330, 

8 

and .-. ^ 0,10,0,0,1,0,0,0,= ^ 9951330, 5 
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Again, (81), '0*0*1 f redaced to the eighth positioa 13 
equal to ^0,0,1,0,0,1,0,0, reduced to the eighth position, 
but taken negativelj. 

But ^0,0,1,= ^99950, 

8 

••• ( ) J. 0,0,1,0,0,1,0,0,= ^100050, 
.•. 'o'o'i t ='100050 f 

8 

/. •o'o'4 1 = *40oaoo f 

8 

and .-. 'o'o'4'2Vi'i'2f ='420312 fi 
hence 'o'oV 2' o'l'i' 2 T 0,10,0,0,1,0,0,0,= 

•420312 1 9951330,= A531018, 



8 

8 



/. ^1,= ^ 9531018, 

83. Hence, the equalities (81), and the accompanying 
tabulated developments, can be directly and independently 
determined as circumstances may require. Consequently 
the dual logarithm of (i*i) expressed \, (1*1) = 9531018,; 
4r,(ioi)=995033,; 

J,, (iooi)=99950, ; I, (i-oooi)= 10000, . 

Dual logarithms to a greater extent may be calculated 
and applied by little additional preparations ; a single 
instance will illustrate this matter. Eor example, let it be 
required to establish a system of dual logarithms to eleven 
places of figures, to which the corresponding dual numbers 
must be of twelve consecutive dual digits, (37). From the 
developments (81), (DEF) (ABC), may be taken 

^ i,='o'o'o'o'o'o'o'o'o'o'o'o*« J 0,0,0,0,0,0,10,0,0,0,0,0,= 
u 
^ 999999,5 

^ i,='o'o'o'o'o'o'o'o'o'o'4'5 T 0,0,0,0,0,10,0,0,0,0,0,0, 
^ i,='o'o'o'o'o'o'o'o'4'5'o'o ! 0,0,0,0,10,0,0,0,0,0,0,0,, 
^ i,='o'o'o*o'o'o'4'5'o'o'o'o T 0,0,0,10,0,0,0,0,0,3,3,0, 
J, i,='o'o'o'o'4'5'o'o'2'2'7'5 ' ' 0,0,10,0,0,0,3,3,0,0,0,0, 

^ l,='0'0V2'0'l'l'2'0'3'4'2 ' ' 0,10,0,0,1,0,0,0,3,0,0,0, 
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Besuctioit. 
^ h =999999^ • 


79 
(First). 




4,\o,=9999995, 

V5 t = '45 
u 


(Second). 




4- 1, =9999950, 






'If io,=9999950o^ 
WS^ = '4500 


(Thiid). 




\ ». =99995000^ 






4- »o,=999950oo3, 

\ 3,3,0, = 330, 

*4'6^t = '450000, 


(Fourth). 




\^, =999500333, 






a 
i 10,-9995003330, 

* 3,3,0,0,0,0,= 330000, 

, .....,, 9995333330, 
'4'5'o'o'fl*a'7'5^t = '45002477, 


(Fifth). 



.-. \ i,=995033o853, 
It may be shown, as follows, that 

V5'o'o'2'2'7'5 1 ='45002477-5 

^0,0,0,0,1,0,0,0,0,1,0,0,= 10000050, 

4 

*4 f = '40000200 

4r 0,0,0,0,0,1,0,0,0,0,0,1,= 1000000*5 



'5 f = '5000002*5 - 

'40000200 I 
'2275 J 

:. V5'o'o'2'2'7'5 1='46002477-5 
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Jr 1, = 995033o853> 
>t^io, = 99503308530, 

ih = 9999950, 

3000, (Sixth). 



^0,10,0,0,1,0,0,0,3,0,0,0, = 99513311480, 
*o'o'4Vo'i'i'2V3V2f= '4203131676 

.'. ^ 1, = 95310179804, 
That VoV2Vi'i'2'o'3'4'2f ='4203131676 f 

may be determined thus, 

^ 0,0,1,0,0,1,0,0,0,0,0,1,= 1000500333,5 

4 

'4^=*400200i334 

^ 0,0,0,1,0,0,0,1,0,0,0,0,= 100005000, 

2 



/. '2f = '200010000 = '200010000 

'i'i'2'o'3'4'2f = '1120342 

6 

and /. '4'2'o'i'i'2'o'3V2t ='4203131676^ 



S3 



84. It \vill save the time of an operator to register in a 
tabidated form 1, 2, 3, 4, 5, 6, 7, 8, 9, times each of these 
ultimate values ; for then the numbers to be added may be 
set down from these multiples. 

Tabulated Multiples, 

S 3 4 6 6 

of 4f 1, ; J^ 1, ; ^ 1, ; ^I^ 1, ; 4^ 1, ; ^1, reduced to the twelfth 
position, taken from reductions made to the twentieth 
position. 



^1, 



95310179804, 
190620359609, 
285930539413, 
3812407 19217, 
476550899022, 
571861078826, 
667171258630, 

762481438435, 
857791618239, 



s 



9950330853, 
19900661706, 
29850992560, 
39801323413, 
49751654266, 

59701985119, 
69652315972, 
79602646825^ 
895529776791 
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» 

^1, 



4 



1 




3 




3 




4 


jt 


5 


^ 


6 




7 




8 




9 





999500333, 
1999000666, 
2998500999, 
3998001332, 

4997501665, 
5997001999, 
6996502332, 
7996002665, 
8995502998, 



99995000, 
199990001, 
299985001, 
399980001, 
499975002, 
599970002, 
699965002, 
799960003, 
899955003, 



5 
^1, 



9999950, 
19999900, 
29999850, 
39999800, 
49999750, 
59999700, 
^9999650, 
79999600, 
89999550, 







A 


1 




1 0, 


3 




1999999, 


3 




2999999. 


4 


M 


3999998, 


5 


^ 


4999998, 


6 




5 9 9 9 9 9 7, 


7 




6999997, 


8 




7999996, 


9 




8999996, 



4,, (2)=693i47i8o56o, and J,, (10) =2302585092994, 
Like miiltiplea of '1 f = '105360515658 f 
'1 f = '10050335854 f 

S IS 

'1 f = '1000500334 f 

'l f ='100005000 f ; '1 f ='10000050 f ; '1 f ='1000001 f, 

4 U U 6 U 

when required, may be found and tabulated in a similar 
manner. A single example will suffice to illustrate this 
extension. 

Example. 

Eeduce 'o'o'4'2'i'o'5'o'4'6'7'8 1 7,6,0,0,0,8,0,3,0,0,0,0, to 

a dual Icgarikhm in the twelfth position. 

E B 



B2 
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'4f= 4002001336 ^ ^7,=667 17 1258630,. ^ 

8 13, ) 3 

'2f= '200010000 > i^ J^6,= 59701985119, >^ 

'if= '10000050 'H 1 8,= 7999996,^ H 
'50467B 30000, 



'4212516064 



726881273745, 
'4212516064 



722668757681, 
'o'o'4'2'i'o'5'o'4'6'7'8 1 7,6,0,0,0,8,0,3,0,0,0,0, 



^ 722668757681, 
and may be written 

IS 

'o'o'4'2'i'o'5'o'4'6'7'8 1^ 7,6,0,0,0,8,0,3,0,0,0,0, 

722668757681 

Tabulated Mxtxtipies. 
of '1 f ; 'if; 'if <&c. reduced to twelfth position. 

S 8 

'If 



',^ 



1053 
2107 
3160 
4214 
5268 
6321 

7375 
8428 
9482 



6051 
2 103 

8154 
4206 
0257 

6309 
2 360 
8412 
4464 



5658, 
1316, 
6974, 
2632, 
8290, 
3948, 
9606, 
5264, 
0922, 



1 

2 

3 

4 
5 
6 

7 
8 

9 




10050335854, 
20100671708, 
30151007562, 
40201343416, 
50251679270, 
60302015124, 
70352350978, 
80402686832, 
9045302 2686, 



'\^ 



•if 



1 

3 

3 

4 
5 
6 
7 
8 

9 




1000500334, 
2001000668, 
3001501002, 
4002001336, 
5OO25OJI67O, 
6003002004, 
7003502338, 
8004002672, 
9004503006, 



1 

2 

3 
4 
5 
6 

7 
8 

9 




100005000, 
200010000, 
300015000, 
400020000, 
500025000, 
600030000, 
700035000, 
800040000, 
900045000, 
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V 


1 




1 O 1, 


3 




2 O 2, 


3 




3000003, 


4 




4000004, 


5 
6 




5000005, 
6000006, 


7 
8 




7000007, 
8000008, 


9 




9000009, 



CHAPTEB V. 

85. TO BEDIJCE ▲ DUAL LOGABITHM OT THE ASOEKDIITQ 
BBAI7CH TO A DUAIi ITTTMBEB, ^VTITHOUT THE TSE OF 
TABLES. 

If the given logarithm be greater than ^, (2) or ^, (10), 
subtract multiples of 69314718, or 230258509, until the 
remainder is less than either of these constants. When 
the remainder thus found does not consist of eight places 
of figures, establish eight places by prefixing ciphers to the 
lefty then apply for the ascending branch. 

EULE I. 

Add once ; twice ; three times, &c, 500000, according as 
the first figure, on the left of the sum, becomes respectively 
1 ; 2 ; 3 ; &c. ; subtract 31018 times the first figure of the 
sum, which first figure must not alter in the operation, but 
reappear in the remainder. Then add once ; twice ; three 
times, &c. 5000, according as the second figure to the left 
of the sum becomes respectively, 1 ; 2 ; 3 ; &c, ; subtract 
33 times the second figure, which must not change in the 
operation, but reappear in the remainder. 

Again add once ; twice ; three times , <&c. 50, according as 
the third figure of the sum becomes respectively 1 ; 2 ; 3 ; 
&c. ; and the dual logarithm is reduced to a dual number of 
eight digits. This rule is the reverse of Eule II. (78). 

Examples. 

JSx. 1. Eeduce the dual logarithm 69314718, to a daal 
number of eight digits. 
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69314718, 

3500000 4- =7 X 500000 

72814718 

3171 26— =7x31018 

7259759« 
10000-1- =2 X 5000 

72607592 

6 6— =2 X 33 

72607526 

300+ =6 X 50 

/. ^, 7,2,6,0,7,8,2,6, ,=69314718, 
Ua. 2. Beduoe 230258509, to a dual number. 

230258509, 

3 07 9441 5 4 .=3x693i47i8, 

2 2 3 1 4 3 5 5» 

500000 X2= 1000000 + 

23314355 
31018x2= 62036 — 

23252319 
5000x3= 15000 4- 

23267319 
33x3= 99- 

23267220 
50 X 6= 1 04 - 

2 J,, 2,3,2,6,7,3,2,0, 
.-. i\ 2,3,2,6,7,3,2,o,=230258509,= f, (10). 

JEx. 3. Beduce the dual logarithm 60000000, to a dual 
number. 

Dual log. 60000000, 
3000000 4- 
63000000 
186108— 



628 13892 

i 



10000+ ! 



62823892 

466 - 

62823826 
400-1- 



^ 6,2,8,2,4,2,2,6, dual number. 
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Ex. 4. "What 4liial number corresponds to the dual loga* 
rithm 1369690422, ? 

1369690422, given log. 
4,, io» =i 1 51292545 

2 18397877 
4,, 2=^ = 207944154 

10453723 
1 X 500000= 500000 

10953723 
1x31018= 31018 

10922705 
9x50= 450 

8^ 1,0,9,2,3,1,5,5, dual number. 

JKr. 5. What dual number corresponds to the dual loga- 
rithm 345676, ? 

C Given number with two 

Given 00345676,^ ciphers to the left to 

3x50= 150(. make up eight places. 

Dual number \ 0,0,3,4,5,5,2,6, = \^ 3,4,5,5,2,6, 

Examples fob Peactice. 

!Ex, 6. Beduce the dual logarithm 30000000, to a dual 
number. Ans. ^ 3,1,4,1,2,1,1,3, 

JSx, 7. Find the dual number corresponding to the dual 
logarithm 82000000, Ans. \ 8,5,7,7,7,0,4,1, 

Ex. 8. Beduce 230258509, to a dual number, without 
involving the logarithm of 2' Ans. \ 24,1,5,1,9,2,9,4, 

86. To reduce a dual logarithm of the descending branch 
to a dual number. 

Bulb II. 

Subtract once; twice; three times, <&c., 536052 (a), 
according as the first figure on the left becomes 1 ; 2 ; 3 ; 
&c. ; which first figure must not alter, but reappear in, the 
remainder. 

Then subtract once; twice; three times, &c., 5034 (5), 
according as the second figure to the left of the remainder 
becomes respectively 1 ; 2 ; 3 ; <&c. 
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Again, subtract once; twice; three times, Ac., 50 (c?), 
according as the third figure of the remainder becomes 1 ; 
2 ; 3 ; &c., respectively. Thus the dual logarithm is reduced 
to a dual number of eight descending dual digits. 

This Eule is the reverse of Eule III. (80). 
Examples. 

Ex. 1. Eeduce 896489841, to a dual number of the de- 
scending branch. 

+ 896489841, dual log. 
Jr, 10* = —921034036 

'24544195 

1072104 =2ff. 

23472091 

15102 =2j. 



23456989 

2 =2C. 



Dual number '2'3'4'5'6'7'8'9 t (^o*) 
Ex. 2. Eeduce '69314718 to a dual number. 

'69314718 dual logarithm 
3216312 =6a. 

66098406 

30204 =6J. 

Dual number '6W6^8Vo^ f 

87. Any dual logarithm may be compounded of multiples 
of 69314718 (w), and 230258509 (wi), and a logarithm nu» 
merically less than 34657359 balf the dual logarithm of 2. 

If 230258509 alone is operated with, any logarithm may 
be compounded of multiples of 230258509 and a logarithm 
less than 115129255 half the logarithm of 10. 

\n=t 34657359 4^=115129255 

«= 69314718 w=2 30258509 

1^=1 03972077 iiw=3 45387764 

2w=i 38629436 2»i=4 60517019 

2i«=i 73286795 2iin=5 75646274 

3«=2 07944154 3»»=6 90775528 

&c. &^. 
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If the given logaritlim be greater than - by a?, but less 
than n, then 

a logarithm less than -. 

If the given logarithm be greater than n, but less than 
i^n by y, then 



/3» \ n 



a logarithm less than -. 

Again, if the logarithm be greater than i^fi by z^ but 
less than 2n, then 



„-(f„)=:-^ 



9i 

which is also less than -, and so on. A similar process of 
reasoning may be applied to |w ; m; lim; 2w ; Ac. 

Examples. 

Sa. 1. What multiples of the logarithms of IC* and 2* 
will bring the dual logarithm 178765437, less than 
34657359, 

w»= 230258509 

178765437, put=i: 

51493072 m—L 
^=69314718 

17821646, put=i2 

/. «— (7W--Z)=i2, and Z=m— «-f iU 
or J,, (10)— >I„ (2) + 17821646. 

But (85), >t'i782i646,=4^i,8,3,3,0;5,3,6, 

1-19508425 
(lox i-i95o8425-^2)=5-97542i25 
.-. Jr, (5*97542125)= 178765437, 
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Ex. a. Beduce ^178765437 to a logarithm less than 
34657359 

i«=230258509 

178765437 put=Z 

51493072 =m— X 

ftss 69314718 

17821646 pat=i2 
n— (m-i)=22 

•'• fi— HI— JBss— ZJ 

•'• \j (a) + (io) 't+'i782i646='i78765437 

Ex. 3. Eeduce 98765432, and also '98765432 to a loga- 
rithm numerically less than 34657359 

98765432 
69314718 

9450714 
/. I, (2)+ 9450714,= 98765432, and 
(2) 't+'94507i4 ='98765432 
98765432, 



Vo'i|i 1,0,0,1,9,7,4,6, 



2 202634 

88. Because ^3,6,0,9 4.1,0,7, =4^34657359, 
and '3'3'o'3'4'i'o'if= '34657359 1 

hence, any dual logarithm may he reduced to n dual num- 
ber whose first digit does not exceed 3, or '3; and by 

s 3 
operating with the logarithms of^fi,; J^i,; ]^^y\ &c., and 
of 'if; 'if; 'if; &c., in a manner similar to that ex- 
plained (87), with respect to '69314718 and 69314718, 
the succeeding digits may be found so as not to exceed 

5, or '5. 

s s 

Dual logarithms of ^1, and '1 f ; \ 1, and '1 f ; 4^ 1, 

and 'i t 
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1 f ='100050 
a 

s 
^1,= 99950, 



'l*-J^ ='10536052 'I'f ='1005034 

4r,l,= 9531018, J,l,= 995033, 

A multiple of 10536052 may be involved so that the re- 
mainder will not exceed half of 10536052=5268026 which 
contains 1005034 five times, but not six times ; the same 
may be said of half 1005034 = 502517, &c. and of half 
9531018=4765509; &c. &c. 

Examples. 

Ua;, 1. £educe 34657359, to a dual number, composed 
of digits, each digit not to be greater than 5, or '5 

34657359, 
38124072, = ^4, 

'3466713 
'3015102 



'451611 
'400200 



5,1,4,1,1, 
.-. 'o'3V5'iVi'i 1 4,=34657359, 
The dual number just found is not as readily reduced to 
a common number as 'o'o'o'o'5'8'4'3T3»6,i,=34657359, 

and yet one of the digits ^ 6, exceeds 5 ; but the first three 
digits J^ 3,6,1, in the latter case are more easily operated 

with than '0*3*4 1 4, the first three in the former case, the 

reduction for 1, or '1 being an extremely simple operation; 
and whether the last four digits are greater or less than 5 is 
of no moment. 

jReduction unabridged. 



13 



31 

79 

1 



00 

86 

99 
2 



00 
00 

65 

66 

2 



141288332 
141 288 

14142I9620 



J^3,6, 



*. 
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I4148I 962O 

'5t 1707 »- 

» »8t 1131- 

• '4t 57- 

' '3t 4- 

' 8263 

/. 1-4142 » 357 

1 

3,6,i,=34657359, 



'o'o'o'o'5'8V3 



v> 



m. 2. Eeduce '34657359 to a ^^ number, each digit 
of which not to exceed 5, or '5 

'34657359 
'3t '31608156 

'3049203 /. '34657359 t='3'3'o'3Vi'o'it 
'3015102 ^ 



»*»»^»i»/\» 



3'4'i'o'i 



EEDrCTION. 

I _ 1331 

3 ^^331 

3 „^33i 

1 1331 

1308668031 



707 3|4797i 




24120 



•3'3V3Vi'o'i 'f =-7 07 1 067 7 
•34657359 

JESr. 3. Eeduce '7'6'4'9'8'3'i'8 8t« 6,8,10,15,6,5,6,7, to a 
dual logarithm less than 34657359 and to a dual number, 
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each digit of which not to exceed 5 5 abo find the corre- 
sponding natural number. 

'7'6'4'9'8'3'1'8 at, 6,8,10,15,6,5,6,7, 
49 J^ 4 9 4 9 

'7'6'o'o'8'3'i'8 8t6,8, 6, 6,6,1.5,8, 
6 1^ 6 6 6 

'7'o'oV8'3'i'8 3|,6,2, 6, 0,6, 1,5,2,= 'i3998974«|3 
675 2 
14166 

EEDircTioir. 
'7 't ='73760682 ^, 6,=57i86io8, 

59775874, « _ 

— — — . 1,2,= 1990066, 

13984808 8 

14166 4r> 6,= 599700, 

'13998974 59775874, 

590775528, 
138629436, 



1 10^=690775528, 

829404964, 

'13998974 

Dual log. 815405990, 

BsnroTioN to a Common Nitmbeb. 

'13998974 
'10536052 

'3462922 
'3015102 



'i'3'5'o'o'o'o'0 8''^ 



'447820 
'500250 

5,2,4,3,0, 

815405990, 

I 



« 0,0,0,5,2,4,3,0, 
3477-468588 



92 
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To ITST> IBS GOBBXBFOirSIirO NuitBEB. 
"WOBE XrSASUXDSBD. 



'3t 



'5t 

3 
'if 



1 030301 

97012 99'oo 

418 5 149 
970 



twice 
4 times 



0+ 

5- 

3+ 
o— 



9^5457198 
96545720 



868911 147 

413445 
8 



8693416021 

• • •ti7387 



3478 
261 



869367147 
1738734294 
3477-468588 



|5 



6 

I 2, 

14, 



Ew, 4. Eeduce 4^ 11,87,3,4,5,6,8, to a dual number of 
the lowest form, and then to a natural number. 

5^111,8,7,3,4,5,6,8 

5540350 =11,08,07,0x5 
11 31 942 1 8 

34 1 1 98=31018x11 
2^=33 X 7 

1 13535680, 
^, 2«= 138629436 , 

252165116, 
230258509 , 

21906607, 



Vo'iVoVr8|2,3, 



II 
1-23258763 
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1-23258763 

half 616293-815 natural number required 

II 
41 11,8,7,3,4,5,6,8, given dual number 

1334142943, dual logarithm. 

89: We have now arrived at these important con- 
clusions, namely, that with the dual logarithms of lo** and 
(1 + 1)", (>t, ic >t, 2-), and a logarithm, numerically, not 
greater than 34657359, or '34657359 the dual logarithms 
of all the natural numbers between 

+ 00 and o 

are instantly determined under the form (A) ; (m and n 
being whole numbers, positive or negative). The corre- 
sponding dual number may be represented thus, 

ViVtVzV^V^^VjVs.^X*^ ihUafhU^U^U^Uftis (A). 

The commas are omitted as unnecessary, the numerals 
1 ; 2 ; 3 ; . • . • being employed to designate the positions 
of the dual digits Vi; v^i rg ; . • . <&c. 

It is not necessarv that either Vi or Ui should exceed '3 or 
3, and at least half these digits may be ciphers, hence, 
under this form (A) may be reduced, with, great ease, to a 
natural number. 

Therefore to determine in a direct manner the natural 
number corresponding to a dual logarithm - requires but 
little numerical labour, since 

(A) may assume the form (B) or (C), Ac. 

*0t?,'0t?4'0'0'0'0 min t^O,«,0,f^5,«8,«7,ff8 (B). 

*OV%0'0*VsW''Vs »T« ViQfU^Ufifififi, (C). 
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So that if the positions u^u^u^u^ be occupied, t?s^«fvf s become 
ciphers, and vice versd. To have each of the last four 
digits not greater than 5, or '5 is of no moment. 

These observations have been fullj illustrated (87) 
Ux. 1 to 3, and (88) JEx. 1 to 4. 

The solution of the converse problem, that is, to find the 
dual logarithm of anj given natural number between 
4- 00 and o, 

requires no additional labour or skill, since a natural num- 
ber maj be operated upon by lo* and 3* so as to give 
results either less than 1*41421356 or greater thaa 
•70710678 ; and because 

1'41421356 and 70710678 

II II 

VoVo'5'8V3 1 3,6,1,0,0,0,0,0, '3'3'o'3Vi'o'i 'f 

34657359, '34657359 

Therefore any given common number may be reduced to 
a dual number of the form (A), (6), or (0), which dual 
number is easily converted to a dual logarithm. Some 
examples will make clear and illustrate these observations. 

Examples. 

Ua. I, Find the dual number of the lowest terms, and 
also the dual logarithm of the common number 477735784. 

3)477735784 
2)338867892 

given No. = 1 '19433 946 x 10' x a* 
i'i9433946xio'x2' 
II 
'o'i'3'0'0'0'0'0 cTa 2,0,0,0,2,4,7,5, dual number. 

5^., 10-+ 2 4,, 2- + 17759327 

1307681308, dual logarithm. 
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J^. 2. Find the dual number of the lowest terms, and 
also the dual logarithm corresponding to the common num- 
ber 1865-65413 

Given number = '932827065 x 10^ x 2 
II 
Dual number = 'I'o'o'o'a'a'g's ali 0,3,6,0,0,0,0,0, 

11' 
'6953546 
^,2- = 69314718, 



62361172, 
34,, 10- = 960775527, 



1023136699, = dual log. 

1865-65413= 4 6,5,2, also, and may be expressed by a 
great variety of dual numbers, but the one previously found 
of the lowest terms requires but little calcuLation to convert 
it into either a logarithm or natural number. 

A brief inspection of the numbers and examples exhibited 
in the subjoined concatenated arrangement will exemplify 
these important relations. 
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CHAPTER VI. 

PEAOTICAL APPLIOATIOK OT DVJLL LOOASITHMS. 

90. WiTHOTO the nse of tables, in a variety of ways, 
and under different circumstanoes, we have shown by easy, 
independent, and direct processes, how any two of the three 
corresponding numbers 

(Natxtsal iriTiOBB) ; (Dual maiCBSB).; (Dual 

I.O0ABITH1C) ; 

might be found, the remaining one being given. 

Any one of these convertible numbers being given, the 
other two may be also found by employing Tables I. and II. 
Table I. is of the ascending branch, in which the natural 
numbers range from 

!• to 2*99161 136. 

Table II. is of the descending branch, of which the 
natural numbers range from 

•39916114 to 1. 

Hence, when these tables are employed, the powers of 
the base i + 1 or 2 are dispensed with, and only the powers 
of lo retained. When operations are performed with dual 
numbers in their lowest terms, and tables used, it is not 
necessary that such tables should range beyond the natural 
numbers 

from 1'41421356 to i. and from i. to 70710678; (89). 

Those who operate with dual logarithms should remem- 
ber (91), (92), (93). 

^^ 91. In future, when one of the three corresponding 
numbers, Natural number^ Dual number , Dttat LogO" 
rithm, is known, either of the other two is set down and 
marked (91), without stating whether obtained through 
inspecting the tables or found by direct calculation. 

^g^ 92. Natural numbers are prepared for logarithmic 
operations, when the tables are consulted, by simply chang- 
ing the decimal point one, two, three, <&c. places to the rigKt 
or left until the natural numbers are to be found between 
p 2 
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I'ooo and a-99i6ii36iQ . . ; 

or between 
•Q99161136 and -99999999 

The results obtained must be pointed off accordingly, 
because (18) the changing of the decimal point one, two, 
three, &c. places to the right or left being tantamount to 
multiplying or dividing by 10, 100, 1000, &c. 



93. Dual logarithms are whole numbers ; those of 

the ascending branch have a comma to the right, below, 
while those of the descending branch are designated by a 
comma placed above to the left (33), (38). Thus the dual 
logarithm of '2* as well as the dual logarithm of i is the 
whole number 69314718 but written 

X, (2-)= 69314718, 
4^,C5)='693i47i8 

If the dual logarithms of the ascending branch be con- 
sidered positive, those of the descending branch must be 
taken as negative, and vice versd (47). 



Hereafter the term logarithms will be applied 

to designate dual logarithms, when the contrary is not 
specified. «^^ 

The consideration of a few special examples will aid the 
retention of the memory and pointedly exemplify the pre- 
ceding directions (90), (91), (92), (93). 

Examples. 

JSa. 1. With what numbers must the tables be entered 
to find the logarithms of 

245672 98'3657 4-846321 

2'346678* 1 •345672* 33*4455 

•0012345 -04763 -8765432* 

'001 •! 100* 

1000. 9473. 1276. 

Akbweb. 

The numbers marked (*) have the decimal point in the 
required position. 

2-45672 (Tab. I.) -983657 (Tab. II.) -4846321 (Tab. II.) 
1-2345 (Tab. I.) -4763 (Tab. II.) '334455 (Tab. II.) 
1- (Tab. L) 1- (Tab. I.) v (Tab. I.) 

V (Tab.L) -9473 (Tab. II.) 1-276 (Tab. I.) 
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Ex. 2. Required the sums of the dual logarithms 
47634512, and 34275652, Am. 81910164, 
'12345678 and '56324217 ^w*. '68669895 
'56324217 and 47634512, Ans. '8689705 
'12345678 and 34275652, Ana. 21929974, 

81910164, '68669895 

'8689705 

The comma being with the difference on the side of the 
greater logarithm. 

Add together {,34g565^, 

21929974, 

JEr. 3. Add together 69314718, and '69314718 
1,(20=69314718, 
4^, C5)='693i47i8 

J,, (!•)= 00000000 

94. When a logarithm has to be subtracted the distin- 
guishing comma of such logarithm must be changed, or 
supposed to be changed, from left to right or from right to 
left, and then the logarithm is to be operated with as in 
addition. These directions are analagous to the rules laid 
down for addition and subtraction of algebra. 

Ex. 4. Add together '34566542 and '2145635 and sub- 
tract 12332198, 

'34566542 
'2145635 
12332198 , 

'49044375 
Ex. 5. Add together 12332198, and '2145635 and sub- 
tract 34566542, 

12332198, 
'2145635 

10186563, 
34566542 , 

44753105, 
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JEa, 6. From 12332198, take '34566542 
12332198, 
'3456654a 
46898740. 

JEx, 7. How many places of figures must the decimal point 
be removed to the right or left in the continued product of 
the natural numbers (A), to give the continued product of 
the natural numbers (B). 

(A). (B). 

•56789 point removed 3, to right becomes 576-89 



1-2345 
90476 

1-9834 
•6666 

3'345 

1-000 



'2 to left 
1, to right 
4, to right 
o 
o 
'4 to left 



•012345 
20-476 

19834- 
6666 

2-345 
•0001 



«% If the decimal point be moved two places to the 
right, the continued product of (A) is altered to the con- 
tinued product of (B) (91). 

JSx. 8. How many places of figures must the decimal 
point be removed to the right or left in the continued pro- 
duct of 365-1768; 7454-83; 165022; -000820 divided by 
the continued product of 18-6365 83-344; -22222 



Multiply 




Divide by 




•3651768 


3, 


1-8636 


1. 


•745483 


4, 


•83344 


2, 


1-65082 


3, 


3-2S23 


'1 


•890 


1 




3, 




7, 




9 




'9 







5f 
The decimal point has to be moved five places to the 
right (92). 

95. The comma with the number found for the factors 
of the divisor is changed from right to left or from left to 
right before being incorporated with the number obtained 
for the factors of the dividend. Thus, in ^x. 8. 2, is 
changed to '2 ; then 7, and '2 together make 5, "With a 
little experience, a glance at the numbers to be incorpo- 
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lated and at those whose logarithms are found will be suffi-* 
cient to decide the position of the decimal point, without 
entering into any formal method of calculation. 

MULTIPLICATIOK BY LoGAEITHMS. 
SVLS. 

96. Add the logarithms of the factors together ; then the 
natural number answering to the sum will be the product 
required. 

Observing, in the addition, that if the logarithms of the 
ascending branch be considered affirmative, those of the 
descending branch must be taken as negative, after the 
manner of positive and negative quantities in algebra (93). 

Examples. 

JSr. 1. Multiply 95377426 and 12638-1188 together by 
logarithms. 

4, 4„(r2638ii88) = 234i3252, 

5l Jr, (-95377426)= '4732831 

7> _ 

1 868042 i,=4r, (1-20539124) 

.-. Product= 12053912-4 which is true to the last figure. 
JKr. 2. Multiply 90986868 ; 194334858 and 295-429627 
continually together. 

2, I, (2-95429627)= 108326047, 

h V, (1-94334858)= 66441255, 

2, ly (-90986868)= '9445506 

5? 165321796, 

>^>(tV)= ' 230258509 

'64936713=^,052237607) 

:. Product=522376o7. 

97* t^* When some quantities have to be added and 
others subtracted to produce a result it is contradictory to 
call such result a sum or difference ; therefore, for the sake 
of order and distinctness, hereafter a result so obtained will 
be called the amount and not the sum or difference; 
further, the misuse of the terms add and subtract, so well 
defined in common arithmetic, will be avoided in such cases 
by using the term collect. 

In JEx. 2 the amount 165321796, exceeds 109581215, the 
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limit of Table I., but when combined with ^, (^) s= 
'230358509, as directed (86), the amount '64936713 ia 
found in Table II. The limit of the logarithms of Table II. 
being '120677297. 

The rule (96) for multiplication may now be written 
as follows. 

EULE. 

Collect the amount of the logarithms of the factors to be 
multiplied ; the natural number answering to this amount 
will be the product required. 

Observing that in the collecting together into one 
amount, if the logarithms of the ascending branch be 
considered affirmative, those of the descending branch must 
be taken as negative. 

Arithmetical complement, — Be^n at the left, set down mvnut 
oney written 1, then take each of the figures from 9 exc^t 
the last figure on the rights which must he taken from 10. 

98. The amount may be found by adding, and subtracting 
avoided, if the arithmetical complements of that class 
whose sum is numerically least, be substituted for the num- 
bers themselves. It requires but a trifling inspection to 
decide which of the two classes of numbers has the greater 
numerical sum. 

See Example 1. 

23413252, 
15267169 ar. CO. 

18680421, =4,, (1-20539124) 

See Example 2. 

1891673953 ar. CO. 

133558745 ar. CO. 

*94455o6 
'230258509 



'0064936713; 

or ='649367 13 since a whole number 
is not altered in value by prefixing ciphers to the left. In 
such cases no allowance has to be made on account of having 
to employ arithmetical complements, which is one of the 
advantages of this over any other system. The manage- 
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ment of common logarithms ia rendered difficult because 
the decimal part is always taken as positive, while the whole 
numbers or indices may be either positive or negative. The 
common logarithm of 'ooo 12345 is made up of two parts 
— 4 and +'0914911 written 4.0914911. 

JSSr. 3. Multiply "00285095 x 82-550825 x -0092730306 
by logarithms. 

'a Jr, (285095) = 104765225, 

'2 A, (-92730306)= '7547488 

^ ^, (-82550825)= '19175607 

'3 78042130,=^, (2-18239151) 

.-. Product=-oo2i8239i5i (91) (92) (93) 
with the arithmetical complements of the logarithms. 
1 04765225, -N 
12452512 >Add. 
180824393 ) 

A, (2-18239151)= 78042130, (97) (98). 

Ua, 4. Multiply '159037822 x -2778189 x -00290188 by 
logarithms. 

'1 1,(1-59038822)= 46397186, 
'1 \, (^'11^1^9) = 102179928, 
'3 A, (2-90188) =jo653588i, 

^ ifi'^) = 1769741491 =ar. CO. '230258509 

'3 1,(1-2821783) = 24854486, 

.-. Product=-ooi282i783 (91) (92) (94) (98). 

Examples pou Practice. 

Ha. 5. Multiply 4-0763 by 98432 by loprarithms. 

Ans. 40*12383. 

Ilx.6. Multiply 2876-9 ; -10674; -098762; and 
Division by Looaeithms, 

EULE. 

99. If the comma appendied to the logarithm of the divi- 
sor be on the right, remove it to the left ; if on the left, 
remove it to the right ; then find the amount of the loga- 
rithms of the dividend and divisor, the number answering 
to this amount will be the quotient required. 

F 3 
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EXAMPLSS. 

Ux. 1. Divide 4640*91 by 266-445347. 

Am. 17'417868. 

4, ^, C464091) =123338537 



2^ 
1, 



I, (2'66445347)=:ro2000i04 

230258509, ^, (10-) 



^, (1-7417868) = 55491150, 
/. Quotients 17-417868 (94) (97) (98). 

JEx. 2. Divide 46*4091 by 2664*45347 

2, ^, C464091) =123232537 

Diff. *^' *' (2'^^445347) ="102000104 

230258509, \, (10-) 

for 1,(10) '1 , , ^^^^ 

57 .-. *, (17417868) = 55491150, 

/. Qaotient='oi74i7868 (92) (94) (98). 
Hx, 3. Divide 46409^ by -00266445347 

6, \, C464091) =123333537 
Diff. \ *' (3-66445347) = ro20ooio4 

230258509, ^ (10) 

Pop 4,(10-) ;i^ ^^ (17417868)^^91150, 

:. Quotients 174178680. 

JEr. 4. Eequired the value of 1174 b^lll^^ 

•0197015 

I, (ri74)=l604i673. ^, (744438)='295i2575 

4,, (•8i970l5)='i988i5o8; 

Then, 16041673, 3, 

r70487425 o 

19881508, o 

4,(1-06620547)= 6410606, "ij" 

/. 1 o66* 20547 = the required value* 
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EXAlfPLXS TOB PbAOTIGS. 

.Er. 5. Divide '0678593 by 1234-593 by logarithms. 

Ans. *oooo549648. 

JEx. 6. Divide 199567 by -048235 by logarithms. 

Ans. •413739- 
Mr. 7. Divide 10*23674 by 4*96523 by logarithms. 

Ans. 2061685. 

Thi Bule of Thbee by Looabithhs. 

BlTLE. 

too. Add the logarithms of the second and third terms 
together, and subtract the logarithm of the first from their 
sum, then the natural number answering to the amotfn^, 
found according to the foregoing rules, wul be the fourth 
term required. 

Examples. 

Mp. X. "Fmd^fi fourth proportional to 37*516227; 
14*7732974 and 135*239606. 

i, (-37516227) ='98039667; ^, (i-4773«974)=39023624, 
4r, (i-352396o6)=3oi87789, 



h 


39023624, 


2, 

3. 


30187789, 


'a 


98039667, 




167251080, 


a. 


'230958509 




'63007439 

II 




'6 1 0,0,3,0,8,9,8,0, 




•53255223 (85) (86) (97) (98). 


Therefore 53*855323 ia the fourth proportional required. 



Ua. 2. rind a fourth proportional to '056722234 ; 
•71882751 and '34728582 by logarithms. 

I, (-56722234) ='56700394; Jr, (•7i88275i)='330i3389 
and 4f, C34728582)='i0576o7i6 
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These logarithms may be set down in the following order 

o '33013389 

o '205760716 

1, 143299606 

1, '82073711 

I 



'7'8'3 



0,0,0,1,9,0,7,2, 



•44010713 (85) (86) 
.\ 440 1 07 1 3 = the fourth proportional. 

JEx. 3. Piud the interest of £279. 59. for 274 days at 4i 
per cent, per annum. 

2, Jr, (1*00) 000000000 

3, 4» C365) 100785793, with comma moved. 
2, 4^,(27925) 102693726, * 

2, \, (2*74) 100795790, 

1, i, C45) 120149231 ar. co. 

224424540, 
^, (10) '230258509 

'5833969 
II 
V5'8'o'8'3'9'9't 

•94332951 

An9. £9*433295 1- 

EXAHPLIS rOB PbaOTICE. 

Ex. 4. Find a fourth proportional to 12678 ; 14065 and 
1 00-979. Am, 112 0263 nearly. 

Ex. 5. Find a fourth proportional to 19864; -4678 and 
50-4567. Ana, 11-88262 nearly. 

Ex. 6. Find a fourth proportional to '09658 ; '24958 and 
•008967. Ans. -02317234 nearly. 

Ex. 7. Find a mean proportional between '498621 and 
^•9587. Am, 17*55623 nearly. 
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IirVOLTTTIOBT, OE THE EaISING OP PoWEBfi. 
BULE. 

loi. Find the logarithm of the given number and multi- 
ply it by the index of the proposed power ; the natural 
number answering to the resiut will be the power required. 

Examples. 
JEx, 1. Find the square of 2-75606318. 

I, (2-75606318) = 101380328, 

2 for the square. 

202760656, 
1, I, (1) ' 230258509 

I, C75957849) = '27497853 
.-. Square=7'5957849= '2'6'4 1| 4,6,54, 

Ex. 2. Find the cube of 7*2536238 by dual logarithms. 

1, I, C72536238) ='32108405 

3 3 for the cube. 

"3, ^, (-38164972) ='96325275 

6 

.-. Cube=38r64972= 9' i'5|8 4,5,3,3, 

JEx, 3. Find the fourth power of 7-64926. 

1, 1,(764926) = '26797623 

4 4 for the 4th power. 

4, Jf, C34235572)='i 07190492 
'107165950 

"V0V2V5V2 
.'. 4th power=3423-5572='io'i'8'2'4'5V2 f* 

Ex. 5. Find the 5th power of '86108347. 

o, J,, (•86io8347)='i4956388 

5 5 for the 5tb power. 

"o, \^ C4733977i)='7478i940 

.% 5th power = '47339771 



110 DUAL ABITHlfXTIC. 

JEa. 6, Find the 365th power of 1 00631623 by dual lo- 
garithms. 

^, (i'oo62i6a3)=6i97oo, 

365 

3098500 
37182 
18591 



^, (9-601 36234)=226i90500,=8^, 1,8,7,5,5,4,1,4, 
Examples tob Fbactice. 

JEa. 7. Bequired the square of 6-05987 and the cube of 
•176546, Ans. 3672203 and -005502674. 

Ux, 8. Bequired the 4th power of '076543 and the 
7th power of 1-09684. Ans. '0000343259 and 1-909864. 

Etoiittiok, 
ob the extbactiok of boots by dval looilbithms. 

BlTLX. 

103. Pind the logarithm of the given number, and divide 
it by 2 for the square root, 3 for the cube root, &c., and the 
natural number answering to the result will be the root 
required. 

If the root be expressed by a fraction, multiply the loga- 
rithm of the given number by the numerator of the index, 
and divide the product by the denominator, for the loga- 
rithm of the root so expressed. 

Examples. 
Sa. 1. Eind the square root of 1579*15622. 
2)3. ^,(1-57915522)= 45689003, 
1 and 1 over ^, (10-) =230258509, 

Eor the square root 2)275947512, 

I, (3-9738586)=i37973756,='o'o'6'5'5'3'8'o f 4 
.-. Square root = 39738586. 

Ua. 2. Bequired the cube root of 35*64188. 

3)2, ^, (35641 88)='i03i64887 

"o and a over i^ (10^ = 460517018 , 

Eor the cube root 3)357352 131, 

^1 (3*2909414)= 119117377, 
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JEr. 3. Eequired the 5th root of 213768341. 

^, (2-13768341) =75972273, 

— ^__ 4 

Divide by 5 for the 5th root I5i94455,='i'i'3'8 i 1^,7, 
^, (1-16409567)= 15194455, 
Ik. 4. Knd the 365th root of 2* 13768341. 

365)75972273,=Jr, (3-13768341) 
\, (1-00208359)= 2o8i43,=Jr, 0,0,2,0,8,2,4,3, 
Ex, 5. Pind the value of (i8i078553)». 

3, \, (1-81078553)= 59376074, 
2 2 



3)6, 3 )118752148, 

2, ^,(1-48563228)= 39584049,=! 4,1,4,6,5,1,4,4, 
,% 148*563228 is the required value* 

JESr. 6. What is the value of C66665095)«. 
^(•66665095)= '40548877 



4)M 2 1646631 



!i (73777490= '30411658 

JEr. 7. Find the cube root of '000213768314. 

The decimal point has to be changed four places to the 
lefb in 2* 13768314 to produce the given number; then 

'1 and *i over. 

!, (2-13768314)= 75972273, 

'230258509 for the '1 over. 

Por the cube root 3) '154286236 



^,(•5979265) = '51428745=V9'3 1 6,0,9,1,7 
/. Cube root = -05979265 
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JKr. 8. Find the value of ('0066665095)? by logarithms. 

The decimal point has to be removed two places to left 
in '66665905 to produce the given number ; 
then '2 

in 

and *4 over 
7" 
But a moment's reflection will give such results without 
a formal calculation. 

(•66665095) = '40548877 
(•01) = '460517018 



t 



.-. Jf, (-0066665095)= '501065895 

2 



7)'ioo2i3i790 



I, (-23892233)= '143161684 

Eeductiok. 
'143161684 

'o'4'5'i'i'8'6'i ti=-23892233 
Examples pos Fbactice. 

Ua. 9. Bequired the square root of 365*5674 by loga^ 
rithms. Ans. 19* 11 981 nearly. 

Ux, 10. Bequired the cube root of 2-987635 ; the 4th 
root of -967845 ; and the 7th root of -098674. 

Ans. 1-440265; -9918624 and -7183146. 

Ex, 11. Bequired the value of ( V 

Ans. '1937115- 
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CHAPTER VII. 

Application of Dual Logabithms to the Soltjtioit 
OP Miscellaneous impoetant Pboblems. 

Sx, 1. How much would £i amount to in 52 years at 5 
per cent, compound interest? Ans. £12*6428054. 

105 

II 

'O'o'l'o'o'l'o'l I 0,5,0,0,4,0,0,2, 

487901$, 

4879016, X 52=253708832, 

II 

4,, (12 6428054) = 10 Jf, 2,4,4,0,8,3,5,5, 

£20 at the same rate and for the same time would 
jimount to £252-856108 = 20 X 12-6428054. 

Hx. 2. If £20 amount to £252856108 in 52 years, com- 
pound interest, what is the rate per cent, per annum ? 

Ans, 5 per cent. 

^'(-^^^=48790.6.=^. (.05). 

Ex. 3. In how many years will £20 amount to 
£252-856108 at 5 per cent, compound interest? 

Ans, 53 years. 

252-856108 ^ o 

-^ — = 1 2-6428054 

20 "^^ 

J,, (12-6428054) 

I / N =58 years. 

JSx, 4. In what time will £1 amount to £2, or in other 
words, in what time will a sum of money double itself at 
5 per cent, compound interest? An8. 14*2067 years. 

\, (1-05) 4879016, 
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JEx. 5. In what time will £1 amount to £1035256190, 
the national debt of England, at 5 per cent, compound 
interest? Ans, 425'453 years. 

I (1035856190-) _ g07579U83 ,_ 

,t,(i05) 4879016 -**5 *53 y™' 



.£^. 6. What will £200 amount to in 25 years at 6i 
per cent, compound interest, supposing the interest to be 
receivable half-yearly ? Ans, £989*766784. 

It is evident that the amount wiU be the same as £200 
for 50 years at 3i per cent. 

^,(1-0325)= 3198304, 
50 



i, (989-766784) =4^, 22233762=159915200, 

These solutions will serve as models to show how all 
similar questions of compound interest may be solved ; the 
principle, amount, time, and rate of interest, being altered 
to suit each particular example. 

103. The circumference of a circle whose diameters 1 is 
generally represented by 7r= 3* 141 59265358979 nearly. 

3-14159265358979 

'o'6'oVo'o'4'o'3'4'o'o'o'o'o'o'o 1 0,0,1,0,6,0,0,0,0,0,1, 

*' 1,4,0,7,2,8, 

^5924291847653583 
ar. CO. 14075708152346417 

12 = -11 — -51 

3 -3 "* 9 

^, (3) = i0986i2288668i0969, 

minus *i 'f = 2^536051565782630, 
14075708152346417 



/. J,, (7r) = 114472988584940016, 
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BlTLE. 

s 

Multiply the diameter of a circle by — and '6 1 i,o,6, 

and the product will be the circumference nearly. 

Ik. 7* The diameter of a circle is 34 feet; what is the 
length of the circumference P 

3)340' 



1 1 



33 
68 

\ 



33 

00 

70 

2 



33+ 
00— 
00+ 
27- 

2 + 



at 
% 



10670108 
1 0670 



10680 



778 
641 



Cicumference = 106-81419 

Ex. 8. Eind the length of an arc of a circle of 
22^ 2Qf 29"-28; radius=l. 

Length of 180°= 3- 14159265 . . . 

.-. 180° : 3*i4i59265 :: 22° 29' 29"-28 : -39255015 
6o)29"-28 

60)29' -488 

22° •4914666=10 X 2(1-12457333) 
= 10x2^11740371, 



104. Beduction of the ratio of 
180 : 3* 14159265= 10* X '9X2 

= 1 

= 1 
= 1 



'5924292 1 V 
;5924292t 



'If 



10x6 



'5924292! ^^ 1 

'1 053605 2f 60 
^1 4611760, 



This ratio being constant may be applied in other cases. 

Mult. 10X2 1 11740371, 
by -^,1 4611760, 

•39255015=1 Jfi6352i3i,=Ki*i7765044). 
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JJr. 9. Find the length of an arc of a circle of 
95° 34' 48"-96radiu8=i. Ans. 1-6681902. 

6o)48"-96 
60)34' -816 
95° -5802666= 1 0*0955802666) 
i, C955802666) ='4520386 
Constant (Ua, 8.) 4611760, 

J., (100091411)= 91374, 
100 10 , 6)100091411 



60 6 " 1-6681902 

JEa. 10. The diameter of the earth in latitude 45° is said 
to be 7896 2814 statute miles, what is the area of a circle 
of this diameter ? An8. 48906550- sq. miles. 

105. If jD be the diameter of a circle and C=-= 

4 
•78539816, then the area 

=2)*x a or ^, (2>*)+ J,, (0)=^, (area) 

4,... .-. |,C789628i4)='2368247i 
2 2 



8, X, (2>») ='47364942 

^, (78539816) ='24156447 

^, (-48906550) ='71521389 

JEa. 11. The angles of a right-angled triangle being given, 
to find three sides that will contain these angles. 

io6. In solving this problem 

the numbers 1 36 10 15 21 28 36.. .. 

and also 2 6 12 20 30 42 56 

will be required; see tables (23) (49). 

— r5=i +3^+6^;*+ 100;*+ 150?*+. . . . 

(1— a?; 

UlTLS I. 
lb find the hi/rpothenuse. 

Set down loooo* times the length of the arc that 
measures the least of the acute angles and divide it bj 
^^2= 1-4142136, the quotient will be the dual logarithm of 
the hjpothenuse. 
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Btile II. 

To find thehase and perpendicular, 

Xiet h represent the dual logarithm of the hypothenuse, 
found by Bule I., and from the square of the h take h ; 
then A'— 3^« + 2; h*sh+6; A'— 7A + 12, &c. are found 
by merely subtracting ah and adding at each step a term of 
the series 2 6 12 20 ... . 

In what follows [A'— A] is put for A'— A divided by lo^; 

[A*— 3A + 2] for A'— 3A + 2 divided by lo^ 
and so on. 
Put -4=the length of the arc to radius 1, and ^=[A'— A] 

0=|-[A«-3A+2]; 2)=-|[A»-5A+6];J&=^[A»-7/*+i3] ; 

^=:|^[A*-9A+20]; &c. 

Then A—C-^JE— G-f- J— &c. gives the base and 
Radius— JB+2)—jP-|--ff—&c. gives the perpendicular. 
These rules are demonstrated in the author's work on 
the science of dual arithmetic applied to Trigonometry. 

Sx, 12. Pind the three sides of a right-angled triangle 
that will have one of its acute angles equal 2i° 19' 37"*8. 

The length of an arc of 21° 19' 37"-8 = 37222928, 
radius =r 

|^^g=2632058=A; and A»= 6927732. 

Then, according to Eule I. of the last example, 2632, is 
the dual logarithm of the hypothenuse. Tiierefore (85), 

I, (l'OO002632) = 2632, 

.•. Hypothenuse= 1*00002632. 

6937732* 
2632* 

6925ioo*=7i*- A 
5264' 

69i9836=A''-^3A 

5264 - 
6914572 =A»-5A 
&c. &c. 
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EadiuB= 1 *oooooooo + 
Length of arc A^ '37222938+ 

JB= •o6925ioo~=s[A«— i] 

0= 858589- =[»- 3A+ 2]— 

3 

2)= 798o8+=[*«- 5*+ 6]|. 
-2^= 5930+=[A'- 7»+i2]^ 

Jt= 367-=[*'- 9*+2o]^ 

*5 

G=: i9-.=[A«-ia+3o]^ 

ir= i+=[A«-i3A+42]^ 

-4 37222928+ EadiuB= 100000000+ 

O 1141411 ar. CO. B 1 3074900 ar. co. 

^ 5930+ D 79808 + 

G 181 ar. CO. F 1633 ar. co. 

Perpendicular= '36370250 ^ ^^ 

Ba8e=-93i54342 

1 00002632; '93154342 and '36370250 are the sides of 
the required right-angled triangle. If necessary we may 
now find the sine and cosine of any angle as 21° 19' 37''*8 
true to eight places of decimalii ; 

sin 21° 19' 37".8= ^55370250^ gg 
1-00002632 

Ex, 13. Given the three sides of a plane triangle respec- 
tively equal 789123456 (a); 12345*67891 (5); and 
89 12- 34567 (c) to find the area. 

Put 2«=a+5+(;. Then it is well known that the area is 
equal -/«(«—«)(«—&)(«—<?) ; or 

>t, (Area)=i [^,*+ \, (^-a)— J,, («-5)+ J,, («-c)] 

*=457462957; «--a=6683-3950i ; «— 5=2228'95o66; 
*— (?=5662-28390 
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4, 


*.(«) 


37669724, 


4, 


*,(«—) 


159704096 ar. CO. 


a. 


^.(*-6) 


80153092, 


4> 


|,(.-c) 


T43124223 ar. CO, 


2)15, 


*,(»o) 


230258509, 


7 and 


1 over 


2)250909644, 
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125454822,=^, (3-50625396) 
;. Apea= 35062539-6 

See "^ Dual Aritbinetic, a new Art/' page 106. 

107. If a musical string be stretched over two edges, and 
a force applied at the middle to draw the string from a 
straight position, then free the string, and the elasticity 
that resisted the force will operate to reform the straight 
position. In a similar manner as in the pendulum, the 
string has obtained a momentum when it reaches its straight 
position, which must be discharged before it can come to resc 
through a series of vibrations. The pitch depends on the 
number of vibrations in a unit of time, and the number of vi- 
brations depend on the weight, length, and tensionof the string. 
Suppose an edge placed at the middle of a string and one 
half of the length set vibrating, it will make twice as many 
vibrations as the whole string would do in a unit of time, 
and the different pitch of tones thus produced is called an 
octave. In the cnromatic scale an octave is divided into 
twelve equal parts. Let X be the length of a string that 
will sound a given note, say O, and I the part of the same 
string and of the same tension that will sound any note 
above C. 

Put m for the number of octaves above C, and n the 
position of the note in the next octave above the ^th. 

.•• >^,(o=>^,w-(«»+^v)>^,(2•) 

Bx. 14. Let the length X=37|^ inches and sounds the 
note C, what lengths of the same string, with the same 
tension, will sound B and Q sharp P 
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For the note B m=o and M=li. 
.-. |,(0=l,(37i)-H^,(2-) , , ^ 

=131170545-63538492,+ 4^, (10) 
=67632053, +1,(10) 
4,, (1-96642704) =67632053, 

/. 19-6642704 is the length that will sound B. 
Por the note O sharp «j=i and n=8. 
.-. >Ir,(0=l»(37i)-(i+A)>t,C2) , ^ ^ 
= 131170545—115524530,+ 4^, (10-) 
=15646015,+ 4,, (10) 
15646015,=^^, (1-1696414) 
.'. 11*696414 inches the length to sound G sharp. 

JEiT. 15. What 18 the solidity of a globe whose diameter 
(2>) is 7896-2814 miles? Am. 

2>»Xg= solidity 

4,, (Solidity)=3 1, (i>)+ 4., (^)- 'ti (6) 
=3 4^,(i>)+'64702958 

4, 4., (7896 2814)= '23682471 

2 I 

12, '71047413 

'64702958 constant. 

^135750371 
4,, (2») = 138629436 . 

4,, (1-02920905)= 2879065, 
io29209050ooo- _^^^^^^^^^^,,, cubic miles. 
4 
JEa. 16. What is the diameter of a globe the solid content 
of which is 8000- cubic feet ? 

|,(8ooo)=34',(i>) + '64702958 
I /T>^-. 4^.(8ooo)-X64702958) 

J,, (8-) =207944154, 
. I, (16") =690775527, 

898719681, 
64702958, 

3)963422639, 

321140880, 
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321140880, 

^,(io)=*230258509 

I, (2'48i40i58)= 90882371, 
.-. D=24-8 nearly. 

Othsbwise, thus, 

=^^ + 21567653,+!, (10) 

*L^=693i47i8, 

21567653, 

^, (2-48i40i58)=9o88237i, 

(92) (93) (94). 

Ua. 17. Pind the area of an ellipse, whose transverse 
diameter (t) is 24*3 and conjugate ((;)=i8'4 feet. 

. txexTT 

Area= ; 

4 ' 
.-. I, (Area) = |, (t)+ |, (c)+ ^, (tt)- ^, (4) 
h ^,(3'43) = 88789120, 
1^ 4,, (1-84) = 60976550, 

^' (i) ^75843553 ar. CO. 

^, (3*51 16718) =125609223. 
.-. Area= 351-16718 

Ua, 18. Determine the solid content of a cylinder whose 
altitude (a) is 723 feet, and the diameter of its base 
24*5 (fi) feet. Ans. 34084-6642 feet. 

Solidity=6* x-xa; 
4 

.-. I, (SoUdity)=3 1 (J) +^,{^+ i,, (a) 



3 
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1, 2^^(2.45) =179217600, 

T *' (j) ^75843553 ar. CO. 



^, (723) 167565391 ar. CO. 



^, (3-40846642) =122626544, 
.-. Solidity=34o84'6642. 

JSx, 19. Find the solidity of a cone the diameter of whose 
base is 20*3 feet (d) and altitude 25*2 feet (a). 

Ans. 2718*7 nearly. 

Solidity=<^ X - X -=«P*x — 
^ 4 3 12 

/. ^, (Solidity)= I (a) +2|, (d)+ I, (^) 

= ^y («) +2 I, ^ + '134017676 
1, 2 1^(203)= 141607140, 

^ ^,(252)= 92425890, I 

3i ^(~) 1865982324 ar. CO. | 

1(271869919)= 100015354, I 

Solid content= 27 18*699 19. ' 

jEnT. 20. The transverse or fixed axis of a prolate spheroid, 
;f=i85, and the conjugate or revolving axis (7=145; what i 
is the solidity P Am. 2036602*64 | 





3oKdity=|e»<; 






.-. 1, (Solidity)=!i 


*,(c)+*>(0*,(g) 


3, 


a*. (1-45)= 


74313702, 


3 

4, 


l,(»-85)= 


. 61518560, 


2. 
6. 


Mi) 


1^35297043 ar- co> 



4f, (203660264)= 71128304, 

/. Solidity =203660264 
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JEa. SI. Determine the content of an oblate spheroid 
whose fixed or minor axis ((?)=145*, and whose revolving 
or major axis (^)=(i85). 

Solidity=gX^V; 

:.l, (SoHdity=2 ^ (t)+^, (e)+^, g) 

2, ^,(1-45)= 37x56351, 

a, 2|^(i-85)=ifl3037iao, 

— I, (g) 1*35297042 ar. CO. 

6, I, (2-5984«38)= 95490513, 
.'. Solidity=2598423-8 

Ha. 22. What is the value of 

^^2696l•5586«^-4544•2la76»? 
26961-5586=: 1 0*2 4, 29867987, sqnaie= 10*2* 1 59735974, 
4544-2i276=io«2»4, 12756017, squares loV 1 25512034, 

Then the given expression becomes the square root of 

loV^ 255i2034jt ^^^^^^'+1^*1 equal 

'^^' L^ 255 1 2034, ^ 1 0^2* ) ^ 
10*2 ^ 12756017, [4, 34223940, + ^, J * 

but 4^34223940,= 1-40817734 

and 2* 

— i='04 

I, (i-448i7734)=37030570, 
;. 10*2 ^ 12756017, * 37030570 ^ ^^,^ ^ ^^^^^^^^ 

=10*2(1-36712907) 

= 273425814 

108. This and the next example should receive particular 
attention. 

JSr. 23. What is the value of 

^/2t)9 6 15586«+ 45442 1 276'? 
269-615586= io»2 ^ 29867987, square= 10*2* 4, 59735974, 
4544*21276= 10V4, 12756017, square= 10*2*4, 25512034, 
a 2 
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Then the given expression is reduced to the square root 
ioV|a55i«034,x f f 59735974. igV ) ^ ^^ 

Y JO 0*t, ( J, 25512034, ' lOV) ' ^ 

lo'a ^ 12756017, { ^ 34223940,+ 10*2* } * equal 
loV 4, 12756017, |Y^^3^^^394o;-ri] ; 
but 34223940, = (1 -408 1 7734) 

.•. lov 4, 12756017, ,^-^^5^^'= 10*2*4, 12931731, 

=4552*20464 the value required. 

With tables I. and II. the process requires littie mental 
labour, each step is registered to prevent obscurity. 

Ex, 24. Steam of 60 lbs. pressure to the square inch has 
« temperature of 295^*6 Eahrenheit, how many units of 
heat does it contain according to Begnault ? 

Units of heat=i09r7 + (^— 32)-305 
= 10917 + -305(263 6) 
= 1172-098 

Hx, 25. What is the pressure of steam in pounds to the 
square inch at the temperature of 295^*6 Pahrenheit P 

Let P be the required pressure, then by the usual em- 
pirical formula 

\202 / 

T being the temperature of the steam in degrees of Fah- 
renheit's thermometer. 

20^*6 

—-+•52= 1-99326732 

ejr, (1-99326732) =4138651 14,=4„ (-62707979) + ^, (10*) 
.-. P=62-7 lbs. nearly. 

JE^. 26. How many cubic feet of steam of 55 lbs. pres- 
sure on the square inch will a cubic foot of water produce ? 

The volume V^ m&j be found from the empirical formula. 

V 17000 
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P being the pressure in lbs. 

g|,(P)=J^(4007333i9,) 

=372775181, take 
Jr, (i7o)=5i3579«38, from 
4,, (40879618)= 140804657, 

•■• ^^=408-79618 

/. F=4i 879618 4, 2,=5o674338 

So that a cubic foot will make 507* cubic feet of steam of 
55 lbs. pressure on the square inch. 

Mc, 27. From what depth will a steam-engine of 40 
horse-power (J2P.), raise 36 tons of coals per hour? 

109. A unit of work is equal that amount of labour 
required to raise one pound, in the direction of the plumb- 
line, through the space of 1 foot. If 8 lbs. be raised 7 
feet, in the direction of the plumb-line, 56 units of work 
will be performed. Should it take the same force to move 
a railroad carriage on a level rail and the carriage to be 
moved over 100 feet, then 800 units of work would be 
expended in this labour. Units of work thus considered 
do not involve time as an element; however we have a 
larger unit that involves time ; namely 33000 lbs. raised a 
foot high in a minute or 550 lbs. raised a foot high in a 
second. This last unit is technicallj termed a horse-power. 

.'. 40 horse-power= 33000 x 40 = 1 32000 units or work 
performed in an hour. 

36 tons= 80640 lbs. to be raised in an hour. 

-i-^ — =57*3 feet, the required depth. 
' 0OD40 

110. A railway carriage only requires a pressure of ^1^ 
part of its weight to put it in motion, or about 8 lbs. to the 
ton ; the fraction ^|^ is called the coefficient of friction. 
When a cart is drawn on a common road, the resistance to 
friction is between ^ and -^ of the whole load, -^ and -^ 
are termed coefficients of friction in this case. If a horse 
draws a ton on a common road, when pulling with the 
force of 80 lbs., then ^ is the coefficient of friction. 

JEa. 29. What must be the effective horse-power of a 
locomotiFe engine which moves at the uniform velocity of 
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25*5 miles an hour upon a lerel rail, the weight of the 

train being 52*3 tons, and the friction 7*7 lbs. a ton, the 

resistance of the atmosphere being neglected ? 

52 "3. X 77= resiatance to friction; 

255 X 5280 - . , . . . 

-^ — A =feet passed over in a minute ; 

~ — X 52*3 X 7*7 = units of work doe to friction 

=255 X 880 X 52*3 X 7-7. 

Since the yeloeitj of the train is QnUcMin, the work of 
the resistance must be equal to the effectiTe woiic of the 
engine. 

255 X 880- X 52*3 X 7-7 — 25-5 x 8 x 14*1 x 77_ 
33000 100 

27*68535 horse-power. 

Ex. 30. In a condensing engine the length of stroke (Z), 
=■ 6*4 feet, the steam cut off at 2=s*8 feet, and the pies- 
Bure of the steam in l^e cjlind^ (P) =48 lbs. on the square 
inch ; how manj units of work is due to 1 square inch of 
this piston in a stroke ? 

TTnitsof work=4-8x2-8 (i+*li^=k^) ; 

but, 4^ (64) =185629790, 
and ^, (2*8) = 102604150, 

83025640, 

/. 4*8 X 2*8 X 1 •83=«45-952 units. 

This last continued multiplication may be performed by 
dual logarithms. The effectual force on a square inch 

throughout the stroke =^-g: (1-8302564)= 

2-1 (1-8302564) =38-4353844 lbs. 

Ex. 31. The pressure of steam upon the piston is 65 lbs. 
to the square inch, the length of the stroke=ii'6 feet, the 
fiteam is cut off when 2-4 feet of the stroke is made ; find 
the units of work done on each square inch of the piston. 

Logarithm of the required units of work= 
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Then, 

t (2-57553639)= 94605786, 
(a-4) ==_ 87546870, 

J', O65) 156921701 ar. CO. 

4^, (401783636) = 139074357, 

•\ 401-783636 units of work required. 
See ^ Dual Arithmetic, a new Art," page 147. 

JSg. 32. Suppose the cylinder in the last example to be 
88 inehes in diameter, and the piston to make 16 double 
strokes a minute, that is, 16 revolutions of the cnmk; 
what is the horse-power of the engine ? 

(88)«x-x 32x401-178 

Horse power= , then 

^ 33000 ' 

2, >t,C88)= '12783339 

3 

— 2 



'25566678 

\,i^ = '24156447 
2, . I, (-32) =^113943429 

2, 1^ (4-01783636) =1860925643 ar. CO. 

324592197 
5, >t>C33) 1-10866269, divisor. 

\ (2-36964634)= 86274072, 
.'• 23696 the required H.P. 

111. When the motion of a body is uniform, it is evident 
that the space described is equal to the units of time multi- 
plied by the units of space passed over in each unit ot 
time, or space=timex velocity. 

The resistance of the atmosphere being neglected, when 
bodies fall freelv near the surface of the earth, the force of 
gravity gives them equal increments of velocity in equal 
intervals of time, since the force of the attraction of the 
earth is considered constant. It is also stated that experi- 
ments show that at the end of one second the velocity of a 
falling body is nearly 32^ feet a second. 

\y (32i)=34709307i, 
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Taking these premises for granted, the velocity of a falling 
body at the end of two 8econd8=2 x 32^^ feet, at the end of 
3 8econds=:3 x 32^ feet; or generallj the Telocity i;,=time 

^,X3H; or 

»=<X33i 
.-. 4.,W=(0 + 347O93o7i, (I.) 
A similar process of reasoning will show that the velocity 
at the end or i a second will be 163^ feet, and this being 
the mean velocity daring a second, a body must describe 
16^ feet in the first second. The velocity of a body at 
the end of 2 seconds bein^ 32^^ x 2, the mean velocity for 
the time, in this case, being 32^, hence the body must 
describe 4 x 16^ feet in 2 seconds ; again, the Telocity of a 
body at the end of 3 seconds=32^ x 3 and the mean velocity 
for this time, or the velocity for ij seconds 32|-xf. 

.'. 3H X I X 3= 1^ X 3* the space 
passed over in three seconds. Generally the space s, passed 
over in the time t,=^i6^xf for the mean or uniform 

velocity acquired in half the time=32jx- 

and 32ix-x^=i6^x^; 

.-. «=i6^x^ 

or 4., («)=2>t,(0 + 277778353, (11.) 

JEx, 33. Through what space will a body fall in 2*47 
seconds P 

^,(2-47) = 90421810, 

2 

I 



180843620, 
277778353, constant 

i I, (98-i227924)=45862i973, 

Also, i, (*)=2 4,, (0 +47519844,+ I, (10). (II.) 

Hx. 34. From what height would a body fall to acquire a 
velocity of 217 feet? Ans, 1989-67521 feet. 

From (1.) 4,, (0=^, (t?)- 347093071, and 
from (11.) 4,, (t)=i^, (O-138889177, 

.-. ki, («)=4r, (1?) -347093071,+ 138889177, 
.-. I, («)=2 I, («?) -416407788, 

=2 J., (i?)-4r, (io«) +44109230, (III.) 
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Then the solution of the example may be arranged thus : — 

2, Jr, (217) = 77472710, 

2 

— 2 

4, 

154945420, 
2 44109230, 

2, ^ (i9'896752i)=299053650, 

Patting g for 32^, (III.) may be also established as 
follows, 

Since v^gt and »=/*x^, therefore, 

t=:- and *=:-=x-= — . 
ff g* ^ ^g 

That is the space passed over is equal to the square of 
the Telocity divided oy 32^x2. The resistance of the 
atmosphere is not taken into account, nor do we say that 
the number 32^^ is correct. 

JSx. 35; In what time will a body fall 2^ miles ? 

Ans. 90*593841 seconds. 
25 miles=528ox 2^=132000 feet. 
FromOI.) ^(,)=4^>W-^';77778353 

^,(1-32) = 27763170, 

2)5, and 1 over 230258509, 

2, 258021679, 

'277778353 constant 

2) '19756674 

4^ (-90593841)= '9878337 

•\ the time=90'59384i seconds. 
112. To determine the units of work accumulated in a 
body moving with a given velocity it is only necessary to 
find the height from which a body must fall to acquire the 
given velocity, then the required units of work=the height 
found in feet x the weight of the body in lbs. 

JSx. 36. How many units of work are accumulated in a 
round shot weighing 218 lbs. moving with the velocity of 
1000 feet a second? Am, 3388602* 

^ (looo)* 654000000 -o^ 

"8 xS^=-^^l^5— =3388602. 

o 8 



180 BTTAL ABITHUnC. 

If i0sthe weight, v=sthe Tekxsitjy and ZTsthe accumu- 
lated units of work in the moving hodjj 
Then, ^, (Z0=2|> W+ 1, («^)+44i092a9,-|, (lo^) 
Ex. 37. How many units of work are accumulated in a 
cast-iron shot is inches diameter weighing 935*851319 lbs. 
when moying with a Telocity of 1334*321 feet a second ? 

Jns, 55^5454*12 units. 



3f 

9 

2, 

8, 

6, 



9 ^, (1*934321) =42104204, 

I, (2-3585i3i9)=858o3i4i, 

44109239, 



I, (5585464i2)=i720i6574, 



JSb?. 38. Suppose the length of the bore of a gun to be 
16 times the aiameter of the ball, what is the mean pres* 
sure on a sjiuare inch of the great; circular section of the 
ball perpendicular to the axis of the gun carrying the shot 
of the last example ? Am. 3086*6409 lbs. 

Let a be the mean pressure on each square inch of 
cross section, then the units of work developed will be 

d?xi2*x-xi6, whichisthaefore=5585454'i2. 

. ^ 5588454-12 

144X16X- 
4 

6, ^f (5-58545412) =^72016574, 

'9 ^, (1-44) 163535690 ar. co. 

^ If (16) 152999637 ftT- CO. 

24156447, comma mored. 



M3 



(3-0866409) = 1 1 9708348, 

JBa. 39. Taking the data of the preyious examples, what 
length of bore would be occupied by 1260 ounces of gun- 
powder, which is about •}- the weight of the ball ? 

Am. 1*71914717 feet. 

Since a cubic foot of gunpowder weighs 937 ounces, 

=the content of the powder in cubic feet. 

937 
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Let ^ be tiie required length of bore, then i'x-xj?=: 
ike content in cabie feet also ; 

i«6o" 



7x937 
4 



*.© 



3, ^,(ia6) =23111170, 

24156447, comma changed. 

3> ii ('937) 6507209, comma changed. 

(171214717) =53774826, 

JEa. 40. With a charge of gunpowder filling 15 inches of 
the bore of a gun 16 feet long and 12 inches diameter, a 
cast-iron round shot weighing 235 lbs. is projected with an 
initial velocity of 1000 feet a second ; what is the pressure 
on a square inch before expansion, supposing the force deve- 
loped Dj exploding the powder to be confined to the space 



it occupies, and the expansion to take place according to 
Boyle's law ? Ans. 7285-87 lbs. 

The area of a circle 12 inches diameter=:ii3 square 
inches nearly. 

^ , X 235'=the units of work accumulated in the 
64i 
shot through the initial force and expansion of the powder. 

\y , — ^=32326, the units of work to each square 
64^x113 ' ^ 

inch. 

Let z be the required pressure, then by examples 30 
and 31, 

or i-a5«(3'549445i9)=3a326- 

/. 2?=7285-87. 

Hence the gun will not burst, since the crushing strength 
of cast-iron is about 28750 lbs. to the square inch. 
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113. The subjoined dual logarithms to 18 places of figured 
may be found useful. 

I, (3)= 69314718055994533, 

4,, (3)=i 09861228866810969, 

4,, (4)=i 38629436111989066, 

I, (5) = i 60943791a 4341003 5, 

4,, (6)=i 79175946922805502, 

i> (7) = i 945910149055313a 9, 

4,, (8)=2 07944154167983599, 

4,, (9)=2 I972«45773362i93 8, 

^, (io)=2 30258509299404568, 

Ua» 41. Pind by a direct process the common logarithm 
of 7 ; or solve the equation, 

Given io*=7'; findj?. 
Such equations could not be solved, before dual arith- 
metic vas invented, without much labour and a great 
amount of dodging and guessing. 
d?|,(io)=l,(7) 

• j-^>(7) _ i9459t oi4,_ 
>t,(io) 230258509, 
'84509804 the common logarithm of 7* 

7='3Vo'3'9'2'o'3't(io) 
.-. *,(7)='3Vo'3V2V3 '1 + 4,(10) 

= '35667495 + 230258509,= 194591 01 4, 
See ** Dual Arithmetic, a new Art," pp. 44, 47, 207. 

Ux. 42. The number 1871* is a prime number, find its 
common logarithm bj a direct calculation, or, in other terms, 
solve the equation 

10*= 1 871. To finder. 
a?4„(io)=|, (1871) 
. ^-iLli?7L)=7534a?8i3, 
" 4^,(10) 230258509,^^ '^' 

Then 3*27207378 is the common logarithm of 1871. 
1871 
II 

'iVi'i'iV4'4it3 0,4, 

'6667414+ I, (3)+ I, (10») 
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Ex. 43. What natural number answers to the common 
logarithm 3-27207378, or, in other terms, solve the equation 
jQ8-a7aors78«.y^ by a direct calculation. 
(3 27207378) >t, (10)= ^(y) 
.-. 753422813,= I, (y) 
I, (y)=3>t, (10)+ I, (2) + '66674H; 
but '66674i4='o'6'6'3'6'9'i'2 1=-9355 
/. y=-9355x 10' X 2=1871; 
the required natural number. 

114. £=2-71828182, the base of the hyperbolic system 
of logarithms. 

JEx, 44. Pind the hyperbolic logarithm of lo* or solve 
the equation, given 

£'=10. To find d?, by a direct calculation 
a?4„(£)=4,,(io) 



\i (10) 230258509, o 

F= ^ V / = ^ ^ "^ =2-30258509 
4^, (f) 100000000, o O O XJ 



£=2-718281828=2 \ 3,2,1,0,2,2,1,2, 
/. ^,(£) = 10000000, 

JSx, 45. Eequired the natural number corresponding tci 
the hyperbolic logarithm 1-14472989; or, in other terms, 
solve the equation 

(2-7l828l828)"**««»=y; 

that is, find y by a direct calculation. 

1-14472989 1, (2-7i828i828)=4„ (y). 
.\ 114472989,=4„ (y)=4„ (2)+45i5827i, 
.-. y=2 1 4,7,oA8,9,6,8,=3-i4i5927=7r the required 

natural number. See Note B. 



NOTES 



NOTE A. 

Iv analysiog the elements of this new Brt, and its developments, 
which are wi&oat exceptions or fiulures and differing essentially in 
their natare from all other developments, the binomiu tiieorem, the 
theorems of Stirling (or Maolaaiin), Taylor, Lagrange, Laplace, ftc, 
have been introduced to accommodate those expert in use of these 
theorems ; yet no principle or portion of this art rests on these cum- 
bersome and deficient performances. The art and science of Doal 
Arithmetic are founded on principles independently established. The 
continued product of derived quantities is not subject to the same 
irregularities as the sum of derived quantities. A great variety of 
daal developments may be found expressing a known or unknown 
number or magnitude without supposing the magnitude to vary or 
supposing it made up of a large and a small magnitude added together. 

By the theorem called Madaurin's, a magnitude expressed under the 

form a( I + - j cannot be developed ; for let tt«a( i + - j, then 
du a 
dx "a?* 

which becomes infinite when x^o. However, to develop ari+-| 

by dual arithmetic is an easy matter, whether x be great or small. 
Again, to develop logo?, by this theorem, put u^loga:, then 
du 1 
dx^x' 
which becomes infinite when x^o, and Madaurin's theorem &il8. 

But by dual arithmetic the logarithm of x to any base is easily 
developed and determined. 
If u—f{x) and «'«/(«+ A), Taylor's theorem may be written 

dx I dar i.a dr* i.a.3 

a theorem which Lagrange has made the basis of his theoxy of analjr- 

tic functions, although particular values may be given to x, that will 

render tMs form of development impossible. For example, let 

f(x+h)^log(x+h) 

h h* A' h* 
thenlog(a;+A)-log»+--^+^-;^+ .... 

when:c»o, 

log(o+A)«logA» — 00 +00 — 00 + .... 
a result of no use whatever in developing log A. 
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Again, let/(a:)«a:» + a;« + a:*loga:«tt, then 

d.it 8 • ,, , 

---B3j; + -d;T + 3arlogx+ar»o + o + ox -co +o; whensso ; 

-T^«a + — d;' + 6xlog«+3x+3j;a3 + o + ox — « +o: 
cur 9 " 

-r-^— + — ^ar» + 61oga: + 6 + 5««oo — 00 +11 ; 

results which are not very intelligible, and of yery little use in finding 
the valae of x in the equation 

a^+x^ + ar'log a: = a 1 3*8570854 = o, 

any eiven number. The value of x is readily found by the dual method 
of solving equations, while no other known development will apply. 

*='4V3*64tti»a, ; a:«i i5,7,6,7,3,o,5,«, ; 
«-f i 0,0,1,9,5,5, M, ; a?«3 i 4,«,6,«,8, 1,3,6, 

«-4 i i,a,4,5,3,7,6,8,«4'50880438- 

!4i 1,2,4,5,3,7,6,8, N 

Hyperbolic log x^ 1-5063205 ; arJ=.(io) (a«) ^ 3,4, 1,4,7,4,6,5, ; 
a:'B(io) (2')^ 1,4,0,9,5,8,0,1, Without finding the value of x in 
natural numbers, these Auctions of a; may be determined. 

Let tt«*'(2) be a function to be developed when z—F{y+xf{z)} ; 
X and y are supposed to be independent variables ; z is evidently a fuDC- 
tion of X and y. 

The general expression, — ;;■■ ;^ — -, being found by the 

dx dy 

process termed differentiation, and according to Stirling's theorem 
X is put so in the original function u, and in the derived functions 

5^5?' ^- Since 2-2^ {j^+x/fe)}, 

on the condition x^o, z^F(y) and as t£a^(s) 

/. {«}^-*(^(y)), which 

known function of ^ may be expressed by the characteristic f : % 

then {u}gg^ for the sake of brevity may be written ^(y) 
{a}^ becomes i^to), /. f{z}^^f(F(2,)) 
may be expressed by ^ {y), and consequently 
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then, according to Stirling's theorem, 

^^^ ^' dy \ dy i.a dy* i.a.3 

which 18 the theorem of Laplace. 

Ifii»^(z) and z^y + xf{z), then according to Stirling's theorem, 
and the notation just established 

/{» } ==/(-^<y))-/(y)«'*'(y)» and Laplace's theorem becomes 

^' " ^' dy 1 dy i*a dy* i.a.3 

which is the theorem of Lagrange. 

These theorems may be represented under many shapes, and receive 
numerous modificatioDS. For example, if x^ i, and p be put for /(y) ; 

and q for ' , then Lagrange's theorem becomes 

,,. 1 d.(t^q) 1 <P(i)'5) I 
^' "^^ 1 dy i.a dy* 1.8.3 
It was in this shape Lagrange delivered his theorem. Again, since 
f(y) represents any function of y, it also may represent y*'«i, then 
fGh (/(y))*> *»•«!• And as/(y) becomes, in this case y°, f{z) 
becomes 2 « 1 also ; then z^y+xf{z)'^y + x, or « y + A by putting h 
for ;r, 

which is Taylor's theorem, from which Stirling's theorem may be 
derived, and from Stirling's theorem the Binomial Theorem may be 
established. But it ought to be observed that while Stirling's theorem 
establishes the Binomi^ theorem in the most general manner, it often 
fails to show that particular developments by the binomial theorem 
are true. Laplace has extended his theorem to functions of several 
variables^ but this extension is of but very little real practical value ; 
for the preceding theorems often become inapplicable from the compli- 
cation (^tiie processes that determine the successive steps ; and often 
become inadequate, or fail, from the functions which are to be deve- 
loped becoming infinite or indeterminate. 

How cumbersome and uncertain the unwieldy developments of the 
theorems of Lagrange and Laplace are, compared with dual develop- 
ments is best shown by example. To illustrate this statement, let it 
be required to find a number whose common logarithm is composed 
of the same consecutive digits. 

t+i 

The equation to be solved is 10 ^^ « 1 +£, find z. 
SB (— 1) + lo^iorv ; y—(— i) ; «« loA ; for by Lagrange's theorem 
z^y+xf{z). 
By putting /'instead of % u^F{z)^F(y'k-xf{z))^ 
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We have to determine the Buni^eet possible fonction of t, namely, 
z itself. •*. %'«F(z)^2, hence the nature of the fonction expressed 

K 

by F becomes known; in this example .*. i^(y)»y, and/(s)»io^, 
hence, also, the nature of the fonction expressed by/beoomes known, 

.V(y)-io*'. ««io". 

i^(y)-y 1; (A). 

^{ ^jT ^^^^'} ^ _ d»{(/(y))'} a^ _ Aio^ a^ _ 
djf 1.3^ c^ i.a d^ i.a 

loff io«io"« « — Qog lo) lo" = — (log lo) — ^, 

" loi.ft 10^ * ' i.ft 10^ * 'i.a' 

when the ftmction of y is snbstitated ; (C). 

J^J£!^^-£:(^_£_=(AybgOo).-!_;(D). 

dy» i.a.3 dy* 1.3.3 \W ' i.a.3'^ ' 






3* 



l.ft.3.4 

then by a laborious calculation 2 may be found* '37 1988574^ 

Hence log 1 '37 1 2885742 = • 1 37 1 3885743. 

i+» 
he value of z in the equation 10^^ ^i+z, is resdily obtained in 

a dual form ; for — ^ log io=log (1 + 2), 

log 10 log(i + 2) 
or = : . 

10 1 + 2 

Dispensing with the use of logarithms, therefore, by dual logarithm 

10 1+2 * 

I, (io)=230358509,and^2ii22«9303585i. 

/. (23025851.) (1+ 2) *i*0+«)i 
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It is easily oliaerved that ^(i+z), is greater than ^3, and less 
than ^4, and in the following direct manner the compete deyelop- 
ment is obtained. 



^3 
6 



30164 
I91 



=«8693064 



31576 



o8=i3 

^a 

94 
11 
55=4^0,3, *=_998S099 

9 47 31578153 

3157510a =Vo*o*o,*3t . . . as 3000 

£|i 31575153 

31575086 « Vo*o'o'o'o'7 1 . = 70 

1 31575083 

31575087=^ 0,0,0,0,0,0,0,3, = 3 

31575086 

/. 2+ 1 =''3'o'7 I 3*3, ^ 3>- 1'37128857 

6 

And /. log 1 '37 1 28857 = ' 1 37 1 28857 
It may be added that a dnal development, and no other known 
derelopment, has the capability to establish the coincidences 

log 1-371288574238542 «= •I37i288574a3854a 
log 237-5812087593201 = 2-375813087593331 
log 3550*260181586591 « 3*550360 18158659 1 
log 46693'46833877758 « 4*669346833877758 
log 576045*6934135527 = 5*760456934135537 
kg 6834720776754357 « 6-834730776754357 
log 78974890*31398144 « 7'89748908i398i44 
log 895191599*8267852 « 8-951915998367853 

To compare a dnal development with a development by Laplace's 
Theorem, 

Let v^e"""*^""*, find ^ in terms of m and n. The given 
equation must be compared with F{y + xf{z)}, and ii^'9{z) with v*. 
©=z; m^y; n=x; 
.'. /(2)-/W-oo8f>; A /(-F'(y))=oosjP(y)-cosi!'(m). 

and since 2!'{y + ar/(y)} = e"*+*"^*; /. Fi^/^^^^i"^, 
putting x=sO. The nature of the functions expressed by the characters 
"9, /and i^ being pointed out, Laplace's formula may be applied. 



u^nF(y))^{F{m)y^{ey^i^ 



/(^(y)> 



d.^{F(y))x 



•c(m{^) 



d^x 
dy 1 



(A). 
rco8(6'")3£ *" »-3n«'~oos€'~;{B). 
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dy i.a dy i.a 

{-6€^8iii€-+9e**ooBi*}^; (C). 



or t;»-€** + 3nt**ooflt**+ {-6t**8int"* + 9£^co8«~}4- + . . .. 

a development ont of which, in the simplest cane, it would be almost 
imposdble to find v*. 

In the equation |,«ti'»««i+«'**«»» let it be required to find r*, v, 
COBV, and the degrees, minutes, &c. corresponding to the arc v. 

In »■■€"'"*"*""•, put v«aair + 2; a being i, 9, 3, 4, &c. 

Then COB v- COB 2, and /. 9air+«= «"*'*""*'"'. 

logj(9a«' + «) — TO 

•'• logg(2ajr + 2)—i»+ncoBa^ or »cobz. 

But log,(aajr+s)-log-(ao«-) + ; r — ; 7;+-- r-.— 

^*, ' ®*^ (aair) a(9a»)' 3(2air)» 

. logj(aoir)-m « 2' gS ^4 

• • ——————— + . > — — r- + — 7— — T«*^^ Ta + • • . ^008 Z. 

n »(aair) a«(aair)' 3n(aair)' 4n(aair)* 
logj(aa«-) — m 
It is cYident that . must be less than 1, that is 

log.(aair)-i-6905ao» 

must be less than 1. 

a-34 
I^{<»ot)«=3-4473»6o; logj(iair)=3-6a96366; logj(i4fl')«3'783787«; 

hence (laTr) may be selected, and a » 6 is a convenient multiple. Then 

the equation to be solved is 

3-6a963f)5— 1-5905301 , « i? ^ f? 

+ ""•"SS ; + "~:S r3~»»* ^C0S2, 

a-34 ia«ir a88n«'' 5i84n)r^ 

The following equation maj be reduced and the value of z found 
without difficulty by the dual method of solving equations. 

z g» ^ ^ ^ 2* 2^ 

' ^ '^ lanx aSBnir* 51841171^" i.a 1.3.3.4""!. a. 3.4.5.6. 
«='4*3,3,&5»5.o,o,8,; 2="4i2,3,4,8,4,9,6,a : 
2- 6 i 0,0,8,1,7,6,3,9, &c.- -5010888764. 
2»*50io888764Baroof 38° 4a' 37"; cos 2 ='877060 1 06 
v»(aa9r + a)ar(i3ir-(-2)»38*3003oo7»arcof 4348'' 4a' 37". 
v-38'3 J, 0,0,0,0,0,5,3,6, 
v«- (38a)»^ 0,0,0,0, 1, 5,7,8, = 55743*8476. 
These, and an endless variety of results, cannot be directly and in- 
dependently obtained by aoy other known art, formula, or theorem. 



NOTIB. 



14L 



(W) 



•5010888764 » 



•4 i 3,3,4,8,4,9,6, «0 
•4l'2,3,6»i5,o,o,8, 
•4 I «,3,6»T,4.9,9,a, 
•5*0,0,8,1,7,6,3,9, 

'iV9'9'3«U 2,3,5, 



CD 



.'69097179 t 

8 



The developments (2>) express the same magnitude under a variety of 
forms, and are termed dual developments, or numbers, because they 
have two ultimate representatives, the corresponding natural number 
{N) on one side, and its logarithm (Z) to a known base on the other. 

In establishing fundamental principles, in pointing out the laws by 
which this new art and science are governed, and in comparing new 
operations with old established systems, the interests of the mere 
calculator have beeh in a great measure unavoidably neglected in the 
larger works. However, idthoueh the present work is elementary, it 
is entirely practical, contains rules, tables easily enlarged, and other 
subsidiaxy aids, that will secure accuracy and save both the time and 
labour of the Astronomer, Navigator, Engineer, Actuary, and calcu- 
lators in general. The author prepared this note to be published in 
the analysis of " Dual Arithmetic^ a new Art," but an abstract of it 
was only given, pp. 73 to 81. 



NOTE B. 

The dual logarithm of a* =693 147 18, 
The hyperbolic logarithm of a •=» '69314718 

g °=hyp. log. of 1*1 to eight places of decimaXs ; and gene- 
rally the dual logarithm of any given number », divided by io*sthe* 
hyperbolic logarithm of ft, to eight places of decimals. The young 
student may be deceived by this coinddence and imagine that these 
systems of logarithms are established by similar processes of reasoning.. 
That such is not the case may be readily shown as follows. Writers 
on logarithms show by a series of devices that in 
the equation »•*=*» 



(„_,)_i(„_,).+i<„_,)._.. 

(r_,)_l(r-i)«+i(,-,)»-.. 



(Z). 



X being the logarithm of any given number », to any base r. Th&- 
expression {Z) cannot be practically applied except in very rare cases. 
When the denominator of (Z) is put a 1, 

thati8(»--i)-i(r-i)« + i(r-i)' -^ ^^^^ 

3 3 

r=: 27 18-28 1828... which is generally represented by «, and the sys- 
tem is usually termed the hyperbolic system of logarithms. 
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Let{a-7i8a8...)'«2- 
thea fifom (Z), a;-{a-i)-i(a-.i)«+^«-i)»-.. 

till 

«1 + + ... 

3345 
8 '693 1 47 1 8 the hpperbolie log of a. 

To find the sum of the series 1 — + — . .. step by step until we 

find '693147 1& is a very tedious process. The hyp. logs, of 1 *i ; 1*01 ; 
1*001 ; &c are more readily found by (Z), for let 
(a*7i8'28...)*«i*i, then 

a.-(ri-i)-l{i-i-i)«+i(ri-i)»-.... 

10 a\io/ 3\io/ 
am '09531018 the hyp. log of 1 *1 

Now let (i*oooooooi)*»a* then ail the terms of the denomioator 

of {Z) may be neglected except 

1 
r— 1 >»*oooooooi « — 5 
io» 

for -(r— 1)» ; -<r— i)' ; &c. are very small 
a 3 

In this latter case (2) gives 

ill 

1 — + + 

« 3 4 



•00000001 + .... 

Hence, the valne of « in (a*7 i8a8. . . f^v found by (Z) and multi- 
plied by 10* is equal to the value of x in (roooooooi)*a:{i* to eight 
places of figures, found also by {Z). The same may be said of the 
application of (2) to (a*7i8a8...>'»i'i and (i*oooooooi)*»i*i fto.; 
but the cases in whidi (Z) is applicable are very few. These remarks 
apply to devdopmenta with hyperbolic logarithms ghren in the analysis 
of *' Dual Arithmetic, a new Art," pp. 39 to 46. 

Although {Z) indicates that ^^^~r ^^og^" true to eight places of deci- 
mals for any given number n, yet none of the processes or devices usually 
employed to apply, establish, or to give to (Z) a more practical form 
in any way resemble the daal system for finding the logarithm of any 
given number n, to any base r, by a direct and extremdy simple pro- 
cedure. The young student will avoid being deceived by carefully 
comparing (Z) and "Analysis," pp. 39 to 46, with the correct dual 
methods of reduction, Chapter I v., and "Dual AjithmetiQ^ a new 
Art," pp. aia toai4. 

NOTE C. 

i«* The student may be much deceived if strict attention be not 
given to this note. ,M0 
A method is given in the analysis, pp. 61 to 73^ " Dual Arithmetic^ 
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a new Art," to find dual logarithms by limited tables, and may be 
made to appear like the dual method ; with suitable tables this counter- 
feit arrangement may be applied to other systems of logarithms, but 
not without limited tables which the method cannot supply in any case. 

The factors of the counter- ( *'^ * \ **^ ^ * 

feitsystemare |j.^^ ^.^^3 1-007.. .. looi 

ftc. ftc. 

The logarithms of these fiictors being tabulated, and the number 
decomposed into factors, its logarithm maybe found by addition. 

For example, QSogGai'g = (i*a) (1*04) (1*005) (1*0004) (1*00005) 
(1*000005) (I'ooooooi) (i*ooooooo9)xax 10'; then the dual or any 
other logarithm oi 3509631*9 may be found by adding together the 
logarithms of the fsMstors (rs) (1*4) (1*5); &c. taken from tables 
previously prepared. 

The method here alluded to being laborious cannot be relied on ; in 
the ansdysis, page 73, the method gives 1144739885849936671, for 
the dual logarithm of tt to seventeen places of figures. In calculating 
this logarithm by a direct method, it is found to be 1 14473988584940017. 
The factors 1*9 i'o6 1*003 1*01 &c. have also been employed to approxi- 
mate to the roots of equations and may deceive a young student or 
iJiose who possess a smattering of mathematics ; but this subject will 
be discussed in the Author's work on Algebra, and the " Calculus of 
Functions." In this counterfeit system (1*004) takes the place of 
(i-ooi)*; (1*0005) the place of (I'oooi)*; &<?• 



NOTE D. 

At page 41, article (53), we promised to explain a method employed 
to reduce a dual number to a natural one. 

The exphmatioQ is not intricate, for by common multiplication of 
algebra, (A) multiplied by (B), gives (C). 



[A) i + <iiZ+a^+a^+alt*+atiSC^ + .» 
^*y ^ ''"^^ "^^g^* •*••" 



^i 



(C) i+aiiP+a8|»a^+«8»a?g + a4 


irB*+a5 1 a* + ae 


ia^ + ... 


ilfei 0161 a, 

1 




61 



which fully establishes the process. This method of reduction is dis- 
cussed in ** The Art and Science of Dual Arithmetic." 



NOTE E. 

The student's particular attention is directed to that portion of 
artiele 34, page 34, which relates to even roots of negative numbers. 



NOTE F. 

^ Without referring to the binomial theorem, the author furnished 
different methods by which the operative numbers (pp. 3i, 35) might 
be found ; only one of these methods was given in the analysis, " Dual 
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Arithmetic, a new Art," pp. ai to 34, and that not in the form 
deeigned hj the author, henoe the young student may he misLed if an 
iMrepancy be not pointed out The operative numbers 
I not apply to all natural numbers that correspond to consecutive 
dual numbers. One or two of the numerous examples that might be 
selected will illustrate this matter. 

AsoBzrDiiro Bbahch. 
1 10366790 '"io, 9, 9,*" 

1 -lOOOOOOOss^l, o, o, 
I '10110000=^1, O, 1, 

i-«i39ft468=^i, 9,9, 

1 *31000000si,3, O, O, 
I 'flll«IOOOag^2, O, I, 

&c. &c. 

One examine from the descending brandi will be sufficient. 

•65998666«'3 '9 *9t 

•666ioooo«*4 'o *ot 

•66544390-'4 'o 'it 
&c. &c. 

Hence the calculus of differences will only apply to ten consecutive 
digits of the same rank ; and the method of interpolation may or may 
not point out consecutive dual numbers. The operative daal numbers, 
or binomial coefficients, may be also found in the followiog independent 
manner. Beferring to the tabulated form, page 3i, 

=i+ar+a» + a:' + a?* + . . . —-4; 

1— « 

the coefficients beiog 1, 1, 1, 1, i, &c., the numbers of the first vertical 
column in the table. 

= i+2a?+3a? + 4a:» + ... ^B; 

1—0? 

the coefficients being the operative numbers of the second vertical 
column. 

«i+3a: + 6a?+loar»+i5a?* + ... = C7; 

1— a: 

the coefficients being the operative numbers of the third vertical column 
of the table before referred to (pp. ai, 35). 

The numbers of the sncceeding columns may be found by continuing 
the division. 

NOTE G. 

The cosine of an angle is always numerically less than +1 or ~ 1 ; 
therefore, twice the cosine of an angle must always be numerically less 
than +a or— 3. Now, no whole number or fraction, positive or 

negative, substituted for x, will render a;+— numerically less than 

+ 3 or —3; hence it is absurd to put 3 cos ^ ^x-¥ — \ yet it is on this 

very absurd supposition that the Theorems of De Moivre, and of Cotes 
or Yieta, are established, Theorems much admired by Lagrange and 
Laplace. Dual Arithmetic and the Calculus of Form will clear 
mathematical science of such imag^naiy nonsense. 
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ASCENDING & DESCENDING 

DUAL LOGARITHMS, 

WITH 

CORBESPONDING DUAL AND NATURAL 
NUMBERS. 
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THE YOUNG DUAL ARITHMETICIAN. 



The Table for the AsceodiDg brancli has a range from i 
to 9-99161133, and the Table for the Descending branch 
ranges from '29916114 to "99999999, or to 1. Hence the 
dual logarithm of 10, (^,(10),) being known, the dual loga- 
rithm of any given number may, with much ease, be taken 
from these abridged tables. 

^,(10)= 230258509,-1 

^,(100)= 460517018,-2 

^,(1000)= 690775527,-3 

^.,(10000)= 921034036,-4 

4r,(100000) = 1151292545,-5 

^,(1000000)= 1381551054,-6 

^,(10000000) = 1611 809569,-7 

4r,(100000000) = 1842068072,— 8 

^,(1000000000)=207232658i,— 9 

Examples. 
1. Pindthe dual logarithm of '86194541, '00086194541, 
and 86194541. 

4r,(-8ei04641)=2 '14856338 Tab. II. 

4r,(10®) =1842068072, 

*,(8el94641.) = 1827211734, 

'14856338 
Negative *,(10*) '690775527 

^,(00086194641) = '705631865 

a. rind the dual logarithm of 1-378201, 1378*201; and 
•01378201. 
The dual log. of x '378201 from Table I. is 

32077903, 
*,(10») = 690775527, 

*,(1878-201) = 722853430, 

h2 
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Negative hO-O') ='460517018 

1,(1-878201)= 32077903, 

*,(01878201)='428439ii5 

3. Eequired the dual number and logarithm of 1-865 and 
the dual logarithm of 1865. 

1-86500000 given number. 



♦ 6,5,1,0,0,0,0,0, = 1-863 
6,4,8,8,6, i*6, 1 


7903 
1182 


4 = 62261223, Tab. I. 
8 64885, 


a 


fi«2QQfiinR 


* 6,6,1,6,4, 8, 8,5, 1 86490890 tako'from given No. 


••• t 9U0 diff. 
*'4, 7460 


1650 
+•8, 1491 


159 
♦'8, 150 


i'5, 9 


.*. *,(l-866) = 62326108, 
*,(10') = 690775527, 



753101635, = ^,(1865.) 
4. Find the dual number and logarithm of -78539816 and 
the dual logarithm of -078539816. 

)4ai9 ='24087205 Tab. II. 



'2'3'0'0'0'0'0'0 t = 7859 
'6'9'2'4'2 ^% 4 



'2'8'0'6'9'2'4'2 t 

Given 



7156- 
12 + 



i"9, 



-78547074 
•78539816 

7258 
7069 

"i|89 

1157 

3j2 
311 



'69242 



'24156447 



K 
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.-. *,(-785398ie) = '24156447 
Negative *,(10) '230258509 

i,(0786898ie) = '254414956 

5. rind the dual logarithm, ( i,), and common number 
answering to i,l,2,8,4,6,6;7,8, 

* 1,2,8,0,0,0,0,0, = * 11820984, Tab. I. 
4,6,6,7,8, = 45678, 



.-. * 1,2,8,4,6,6,7,8, = ^ 118666 12, 
Again, Tab. I. * 1,2,8,0,0,0,0,0, = X125]4797 

I4501 



o 

9 ^'4.. 
7 



11359 


2996 


•••t 


5629 t»5, 


675 +'6, 


. 78 fl, 




9i"8, 



Common number 1*2599387 

6. What dual number and common number corresponds 
to the dual logarithm 34276352, 

34276352, 
^84267871, = * 8,6,7,0,0,0,0,0, Tab. I. 

^3,6,7,0,8,4,8,1, 
.-. ^3,6,7,0,8,4,8,1, = 34276352, 
i 8,6,7,0,0,0,0,0, = 1-40879614 

• ..fi 1270 ^% 

563 ^*4, 

113 *% 

1 ^^1, 

Eequired common number 1*40891561 

7. Eequired both the dual and common number corre- 
flponding to the dual logarithm 1177778277. 

When the given logarithm is too great to be found in 
the table, mark off seven figures and take the next less 
multiple of 23 contained in what remains, thus the power of 
to involved may be determined bj mere inspection. 
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Thus 117 contains 93 fire times, but not six times. 

1177778277, 
i,(lO») = 1161292645, 

26485733, 
^,2,7,4,0,0,0,0,0, = 26427067,= 1-301 17951 Tab.L 
6,8,6,6,6, — — 

58865, 

i 2,7,4,5,8,6,6,6, 

/. 1 o» i 2,7,4,6,8,6,6,6, = i»U77778277, 

1-30117951 

65059 

13 



1301813023 
...ti'0415 

781 

78 

7 



^•30194304 
-^, (130194-304) = xi77778s77» 

8. Bequired both the dual and common numbers corre- 
sponding to the dual logarithm '83600000 ; 

•4334492i='7'9'8'0'0'0'0'0 ^='93598067 ; Tab. U. 

'83600000 
'83598067 

.'00001933 

^921 



•43344 
••t 



433— 

390— 

13— 

1 — 

837 



•43344084 
•43344084 = '7'9'8'0'1'9'3'3 t = '83600000" 
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9. Hequired both the dual and common numbers, corre- 
sponding to the dual logarithm '1177693322. 

•76799335='2'6'3'0'0'0'0'0 ^='26397423 ; Tab. II. 

'1177693322 given. 
1^,(10^ = '1151292545 when made negative. 



'26400777 

'26397423 from Tab. II. 

'3354 
'2'6'8'0'3'3'5'4tj^ = '11776933228^ 



•76799 
..f 2 



335 

304— 

230— 

38- 

3— 



2575 



•76796760 
..-. *, (000007679676) = '1177693322 

Numbers and their corresponding dual logarithms, may 
be found by merely employing a part of Table I. from 1 to 
2, but in doing so, ^, (2)=693i47i8, as well as 4r, (10) = 
230258509, have to be involved. 

Example. 

10. Let it be required to find the dual logarithm and 
common number answering to 10' x 2 x * 3,3,7,4,5,6,7,3, 
= 2000 i 3,3,7,4,5,6,7,3. 

From Table I. the following line may be taken : — 
1-38095878= *3,3,7,0,0,0,0,0,=322778o5, 
to which add 4,5,6,7,3,= 45673 

i.(r38096878)= 32323478, 
i,(10») =690775530, 
hd^) = 69314718, 

792413726, 
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1-380 9587|8>-^4 
55238 

8 



1-38151124 

6908^5 
829W6 

97-^7 
4w8 



1-38158962 
2 

2763-17924 Natural Number. 

Hence 2763' 17924 is the natural number correspondiDg 
to the dual number 10' x 2 |. 3,3,7,4,6,6,7,3, and 792413726, 
is the ultimate representative number in the eighth position 
and maj be employed as the logarithm of 2763*17924 ; writ- 
ten, 4r,(2763'17924)=7924i3726. 

When results are only required true to five or six places 
of figures, to extract correspondiug numbers from Table I. 
is a thoroughly easy matter. 

The above example, to this extent, will stand as follows :— 



1380 



959.. 
552w4 
69>-/5 

_9w7 



= * 3,3,7,0,0,0,, 
4,5,7,. 



1 "381589 
2763-178 



== 322778.. 
457.- 

323235 . • 

6907755 . . 

693147 . . 

7924137 



TABLE I. 

ASOENDINe BEANOE 



ABRIDGEMENT 

BYRNE'S TABLE OF BUAL NUMBERS, 

WITH 

CORRESPONDING NATURAL NUMBERS 

AND 

•IHBIR DITAL LOGARITHMS. 
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TABLE I. 




VATUAAL KUMBSBB. 


DUAL NUMBEBS. 


DUAL LOaABITHMS. 


N. Nob. 


D. N08. 


D. Logs. 


1*00000000 


i 0,0,0,0,0,0,0,0, 


00000000, 


I'OOIOOOOO 


1.0,0,1,0,0,0,0,0, 


99950, 


I'ooaooioo 


i.o,o,a,o,o,o,o,o. 


199900, 


1*00300300 


1,0,0,3,0,0,0,0,0, 


«99850, 


1 *oo4oo6oo 


4,0,0,4,0,0,0,0,0, 


399800, 


1*00501001 


1,0,0,5,0,0,0,0,0, 


499760, 


1*00601503 


1,0,0,6,0,0,0,0,0, 


599703, 


1*00702104 


1,0,0,7,0,0,0,0,0, 


699659, 


i*oo8oa8o6 


1,0,0,8,0,0,0,0,0, 


799603, 


1*00903608 


1,0,0,9,0,0,0,0,0, 


89955^, 


1*01000000 


i 0,1,0,0,0,0,0,0, 


995033, 


1*01101000 


1,0,1,1,0,0,0,0,0, 


1094983, 


1*01303101 


^o,i,a,o,o,o.o,o. 


"94933, 


1-01303303 


^0,1,3,0,0,0,0,0, 


i«94883. 


1*01404606 


^0,1,4,0,0.0,0,0, 


1394833, 


1*01506011 


1,0,1,5,0,0,0,0,0, 


1494783, 


1*01607517 


4^0,1,6,0.0,0,0,0, 


1694735, 


101709135 


1,0,1,7,0,0,0,0,0, 


1694655, 


1*01810834 


1,0,1,8,0,0,0,0,0, 


1794635, 


1*01913644 


4.0,1,9,0,0,0,0,0, 


1894585, 


1*03010000 


^ o,a,o,o,o,o,o,o. 


1990066, 


1*03113010 


iO,a,i,o,o,o,o,Q, 


3090016, 


1*03314133 


4, o,a,a,o,o,o,o,o. 


3189966, 


1*03316336 


4, o,a,3,o,o,o,o,o. 


3389916, 


1*03418653 


^o,a.4,o,o,o,o,o. 


3389866, 


1*03531071 


4, o.a,5,o,o,o,o,o. 


3489816, 


1*03633599 


^o,a,6.o,o,o,o,o. 


3589763^ 


1*03736316 


^ o,a,7>o,o,o,o,o. 


3689718. 


1*03838943 


4,o,a,8,o,o,o,o,o, 


3789668, 


1*03931771 


4, 0,2,9,0,0,0,0,0, 


3889618, 


1*03030100 


4.0,3,0,0,0,0,0,0, 


a985099. 


i'03i33*3O 


^0,3,1,0,0,0,0,0, 


3085049* 


1*03336363 


^0,3,a,0.0,Q,0,Q» 


318499% 


» •03339499 


^0,3,3,0,0,0,0,0, 


3384949, 


1*03443838 


4.0,3,4,0,0,0,0,0, 


3384899, 


*'03646a8i 


4.0,3,5,0,0.0,0,0. 


3484849, 


1*03649837 


4r 0,3,6,0,0,0,0,0, 


3584801, 


« •0376347a 


i 0,3,7,0,0,0,0,0, 


3684751, 


1*03857330 


^0,3,8,0,0,0,0,0. 


3784701, 


1*03961088 


4^ 0,3,9,0,0,0,0,0. 


8884651, 


1 -04060401 


4^0,4,0,0,0,0,0,0. 


3980133, 


1*04164461 


i 0,4, 1,0,0,0,0,0. 


4080083, 


1*04368636 


io.4,a.o,o,o,o,o. 


4180033, 


1*04373894 


i 0,4,3,0.0,0,0,0, 


4379983, 


1*04477367 


i 0,4,4,0,0,0,0.0. 


4379933, 


1*04581745 


^ 0,4,5,0,0.0,0,0. 


4479883, 


1 *04686336 


^ 0,4,6,0.0,0,0,0, 


4579834, 


1*04791013 


4^ 0,4,7,0.0,0,0,0, 


4679784, 


1*04895804 


4r 0,4,8.0,0,0,0,0. 


4779734, 


1*05000700 


4r 0,4,9,0,0,0,0,0, 


4879684, 


V05101005 


i 0,5,0,0,0,0,0,0, 


4975165, 


3» 6 


9314718 io=a3c 


W58609 



ASCENDINa BEANCH. 


• N. Nos. 


D. Nob. 


D.Log.. 


.1-05306106 


i 0,5, 1,0.0,0.0,0^ 


50751 16» 


1*05311313 


4.o.5,a.o,o,o,o,o, 


5175065, 


1*05416633 


^ 0,5,3,0,0,0,0,0, 


5275015, 


1*05533040 


;, 0,5,4,0,0,0,0,0, 


5374965, 


1*05637563 


4,0,5,5,0,0,0,0,0, 


5474915, 


1-05733190 


^ 0,5,6,0,0,0,0,0, 


5574867, 


1 •05838923 


^ 0,5,7,0,0,0,0,0, 


5674817, 


1-0594476* 


^0,5,8,0,0,0,0,0, 


5774765, 


1-06050707 


^ 0,5.9,0,0,0,0,0, 


5874717, 


1*06153015 


4,0,6,0.0,0,0,0,0, 


5970198, 


1*06358167 


4,0,6,1,0,0.0,0,0, 


6070148, 


106364425 


^ o.6.a,o,o,o,o,o, 


6170098, 


1-06470789 


4,0,6,3,0,0,0,0,0, 


6370048, 


1*06577360 


4,0,6,4,0.0,0,0,0, 


6369998, 


1-06683838 


4r 0.6.5,0,0,0,0,0, 


6469948, 


1-06790531 


4r 0.6.6,0,0,0.0,0, 


6569900, 


1 '06897313 


^ 0,6,7,0,0,0,0,0, 


6669850, 


1-07004309 


4.0,6,8,0,0,0,0,0, 


67^800, 


1*07111313 


^ 0,6,9,0.0,0,0,0, 


6869740, 


1-07213535 


* 0,7,0,0,0, 0.0,0, 


696523^, 


1*07330749 


4r 0,7. 1.0,0,0.0,0, 


7065181, 


1*07438069 


4r o,7,a,o,o,o,o,o. 


7165131, 


1*07535498 


4^0,7,3,0.0,0,0,0, 


7265081, 


1-07643032 


i 0.7,4,0,0.0,0,0, 


7365031, 


1*07750676 


4.0,7.5,0,0,0,0,0, 


7464981, 


1*07858436 


^0.7,6,0.0,0,0,0, 


7564933, 


1-07966185 


4.0,7,7,0,0,0,0,0, 


7664883, 


1*08074351 


4.0,7,8.0,0,0.0,0, 


7764833, 


1*08183336 


4.0,7,9,0.0.0.0,0, 


7864783, 


1*08385671 


i 0.8.0,0,0,0,0,0, 


7960364, 


1-08393957 


i 0,8, 1,0.0.0,0,0, 


8060314, 


1-08503350 


^o,8,a,o,o,o,o,o. 


8160164, 


1*08610853 


i 0,8,3,0.0.0.0,0, 


8360114, 


1*08719464 


4.0,8,4,0,0,0,0,0, 


8360064, 


1*08838183 


*P,8,5,0,0,0,0,0, 


8460014, 


1*08937011 


4. 0.8,6.0.0.0,0,0, 




1-09045949 


i 0.8,7,0,0,0,0,0, 


8659916, 


1-09* 64994 


^0,8,8,0,0,0,0.0, 


8759866, 


1*09364149 


^ 0,8,9,0,0,0,0,0, 


8859816, 


1-09368537 


i 0,9,0,0,0,0.0,0, 


8955297, 


1-09477896 


4.0,9,1,0,0,0,0.0, 


9055247, 


1-09587374 


4.o,9,a,o,o,o,o,o, 


9155197, 


1-09696^1 


^ 0,9,3,0,0,0,0.0, 


9255147, 


1-09806658 


^ 0,9,4,0,0.0.0,0, 


9355097> 


1*09916465 


4, 0.9,5,0.0,0,0,0, 


9455047, 


1*10036381 


^ 0,9,6,0,0.0,0,0, 




i'ioi36407 


i 0,9,7,0,0,0,0,0, 


9654949, 


1-10346543 


4. 0,9,8,0.0,0,0,0, 


9754899, 


1-10356790 


^ 0,9,9,0,0.0,0.0, 


9854849, 


I'lOOOOOOO 


^ 1,0,0,0,0,0,0,0, 


9531018, 


s» 6 


9314718 10^330^ 


'68509 


4=13 


8639436 ioo»46o£ 


il70l8 


8s 30 


7944154 1000-690'; 


^75527 
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.N.Nos. 


D. Nos. 


D. Logs. 


1*10110000 


^1,0,1,0,0,0,0,0, 


9630968, 


I'loaaoiio 


i i.o,a,o,o,o,o,o. 


^Z^^SiS' 


1-10330330 


i 1,0,3,0,0,0,0,0, 


9830868, 


1*10440660 


i 1,0,4,0,0,0,0,0, 


9930818, 


1*10551100 


i 1,0,5,0,0,0,0,0, 


10030768, 


1*10661651 


i 1,0,6,0,0,0,0,0, 


10130730, 


1*10772313 


i 1,0,7,0,0,0,0,0, 


10330670, 


t-10883086 


^ 1,0,8,0,0,0,0,0, 


10330638, 


1*10993969 


i 1,0,9,0,0,0,0,0, 


10430570, 


1*11100000 


i 1,1,0,0,0,0,0,0, 


10536051^ 


I'liaiiooo 


^ 1,1,1,0,0,0,0,0, 


10636001, 


1*11333311 


i i,i,a,o.o,o,o,o. 


i072695i» 


I'l 1433533 


^ 1,1,3,0,0,0,0,0, 


10835901, 


1*11544967 


i 1,1,4,0,0,0,0,0, 


10935851, 


1*11656513 


i 1,1,5.0,0,0,0,0, 


11035801, 


I'l 1768169 


^1,1,6,0,0,0,0,0, 


11125753» 


1* 11879937 


* 1, 1,7,0,0,0,0,0, 


11325703, 


111991817 


i 1,1,8,0,0,0,0,0, 


11325653. 


1*13103809 


i 1,1,9,0,0,0,0,0, 


11435603, 


1*13311000 


I i,a,o,o,o,o,o,o. 


11531084, 


1*13333311 


i i,a, 1,0,0,0,0,0, 


11621034^ 


112436634 


i i,a,a.o,o,o,o,o. 


11730984, 


1'12547970 


^ i,a,3,o,o,o,o,o. 


11830934* 


1*13660517 


^ i,a,4,o,o,o,o,o. 


11930884, 


1-13773178 


4^ i,a,5,o,o,o,o,o. 


13030834* 


1-13885951 


i i,a,6,o,o,o,o,o, . 


13120786, 


1-13998837 


i 1,8,7,0,0,0,0,0, 


13230736, 


1-13111836 


i i,a,8,o,o,o,o,o. 


12330686, 


1*13334948 


i 1,2,9,0.0,0.0,0, 


12430636, 


1*13333110 


4r 1,3,0,0,0,0,0,0, 


. 12516117, 


1*13446443 


i 1,3,1,0,0,0,0,0, 


12616067, 


1*13569889 


* i,3,a,o,o,o,o,o, 


12716017, 


1* 13673449 


i 1,3.3,0,0,0,0,0, 


13815967, 


1-13787122 


^ 1,3,4,0,0,0,0.0, 


I29i59i7» 


1*13900909 


* 1,3,5,0.0,0,0,0, 


13015867, 


1*14014810 


i 1.3,6,0,0,0,0,0, 


13115819' 


1*14138835 


* 1,3,7,0,0,0,0,0. 


13215769* 


114343954 


* 1,3.8,0,0,0,0,0, 


133157191 


I*i4357i97 


^ 1,3,9,0,0,0,0,0, 


13415669, 


1*14466441 


4r 1,4,0,0,0,0,0,0, 


13511150, 


1-14580907 


4r 1,4,1.0,0,0.0,0, 


13611100, 


1*14695488 


i i.4.a.o,o,o,o.o, 


13711050, 


1*14810183 


i 1,4,3,0,0,0,0,0, 


1381 lOOQ, 


1*14924993 


4r 1.4,4.0,0,0,0.0, 


13910950, 


1*15039918 


i 1,4,5.0,0.0,0,0, 


14010900, 


1*15164968 


i 1,4,6,0.0.0.0,0, 


14110853, 


1*15370113 


* 1,4.7,0,0,0,0,0, 


14310803, 


.i*i6385383 


^ 1,4,8,0,0,0,0,0, 


14310752, 


ri 5400768 


i 1,4,9,0,0,0.0,0, 


14410703, 


1-15611106 


i 1,5,0,0,0,0,0,0, 


14506183, 


3« 6 


9314718 I0«33C 


►258509 


4=13 


8639436 ioo«46c 


^517018 


8»30 


7944154 1000=690 


775527 
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N. Nos. 


D. Nos. 


B. Logs. 


ri67a67i7 


i 1,5,1.0,0,0,0,0, 


14606133, 


.1-15842444 


^ i,5,a,o,o,o,o,o. 


14706083, 


i'»6958286 


i 1,5,3,0,0,0,0,0, 


14806033, 


r 16074*44 


i 1,5,4,0,0,0,0,0, 


14905983, 


1-16190319 


^ 1.5.5,0,0,0,0,0, 


15005933, 


.!• 16306509 


^ 1,5,6,0,0,0,0,0, 


15105885, 


1-I64a28i5 


^ 1,5,7,0.0,0,0,0, 


15205835, 


1*16539238 


i 1,5,8,0,0,0,0,0, 


15305785, 


1 16655877 


^ 1,5,9,0,0,0,0,0, 


15405735, 


1-16767217 


i 1,6,0,0,0,0,0,0, 


15501216, 


r 16883984 


^ 1.6,1,0,0,0,0,0, 


15601166, 


1-17000868 


i i,6,a,o,o,o,o,o. 


15701116, 


1-17117869 


^ 1,6,3,0,0,0,0,0, 


15801066, 


1 '17234987 


^ 1,6,4,0,0,0,0,0, 


15901016, 


1 17352222 


* 1,6,5,0,0,0,0,0, 


16000966, 


1-17469574 


^ 1,6,6,0,0,0,0,0, 


16100918, 


1-17587044 


4r 1,6,7,0,0,0,0,0» 


16200868, 


1-17704631 


^ 1.6,8,0,0,0,0,0, 


16300818, 


1-17822336 


i 1,6,9,0,0,0,0.0, 


16400768, 


1-17934889 


^ 1,7,0,0,0,0,0,0, 


16496249, 


1-18052824 


^ 1.7,1,0,0,0,0,0, 


16596199, 


1-18170877 


i i,7,a,o,o,o,o,o. 


16696149, 


1- 18352048 


* 1,7,3.0,0,0.0.0, 


16796099, 


1-18470400 


^ 1,7,4.,0,0,0,0,0, 


16896049, 


1-18588870 


i 1,7,5,0,0,0,0,0, 


16995999, 


1-18707459 


1^ 1,7,6,0,0,0,0,0, 


17095951, 


1-18826166 


^ 1,7,7,0,0,0,0,0, 


17195901, 


1-18944992 


^ 1,7,8,0,0,0,0,0, 


17295851, 


1*19063937 


Ir 1,7.9,0,0,0,0,0, 


17395799, 


1*19114238 


; 1,8,0,0,0,0,0,0, 


17491264, 


1-19233352 


^ 1,8,1,0,0,0,0,0, 


17591214, 


1*19352585 


^ 1,8,2,0,0,0,0,0, 


17691164, 


1*19471938 


^ 1,8,3,0,0,0,0,0, 


17791110, 


1-19591410 


^ 1,8,4,0,0,0,0,0, 


17891060, 


^-19711001 


^r 1,8,5,0,0,0,0,0, 


17991010, 


^-19830712 


4^ 1,8,6,0,0.0,0,0, 


18090962, 


1*19950543 


^ 1,8,7,0.0,0,0,0, 


18190912, 


1-20070494 


^ 1,8,8,0,0,0,0,0, 


18Q90862, 


1*20190564 


^ 1,8,9,0,0,0,0,0, 


18390812, 


} -20305380 


4, 1,9,0,0,0,0,0,0, 


18486315, 


1 -30425685 


i 1,9,1,0,0,0,0,0, 


18586265, 


1*20546111 


i i,9,a,o,o,o,o,o. 


18686215, 


1*20666657 


4. 1,9,3,0,0,0,0,0, 


18786165, 


1-20787323 


i 1.9,4,0,0,0,0,0, 


18886115, 


^209081 10 


• 4, 1,9,5,0,0,0,0.0, 


18986065, 


1*21029018 


I. 1,9,6,0,0,0,0,0, 


19086017, 


r 21 150047 


4. 1,9,7,0,0,0,0,0, 


19185967, 


^21271197 


4^ 1,9,8,0,0,0,0,0, 


19285917, 


1*21392468 


4^ 1,9,9,0,0,0,0,0, 


19385867, 


; -21000000 


^ a,o,o,o,o,o,o,o. 


19062036, 


a= 6 


9314718 10«230(1 


J68609 


4«i3 


B629436 loo«*46o( 


ii70i8 


8»20 


7944154 1000-690- 


^75527 
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.N. Nos. 


D. Nos. 


D. Logs. 


i-a7'299388 


ia,5* 1,0,0,0,0,0, 


24137151, 


1 '07426687 


i a,5,a,o,o,o,o,o. 


24337101, 


V27554114 


^ a,5,3,o,o,o,o,o. 


24337051, 


1-27681668 


Ir a,5,4,o,o,o,o,o. 


24437001, 


1-27809350 


1^2,5,5,0.0,0,0,0, . 


24536951, 


i'97937i59 


4r a,5,6,o,o,o,o,o. 


24636903, 


1-28065096 


^ a,5,7,o,o,o,o,o, 


24736853, 


1-28195161 


ia,5,8,o,o,o,o,o. 


24836803, 


1-28321354 


i^a,5,9,o,o,o,o,o, 


24936753, 


1-28443938 


4.a.6,o,o,o,o,o,o, 


25032234, 


1 '38572382 


^ a.6, 1,0,0,0,0,0, 


25132184, 


1-28700954 


^ a,6,a,o,o,o,o,o. 


25232134, 


1-28829655 


Ir a.6,3,o,o,o,o,o. 


25332084, 


1-28958485 


^ a,6,4,o,o,o,o,o. 


25432034, 


1-29087443 


Ir a,6.5,o,o,o,o,o. 


2553i984f 


1-29216530 


Ir a,6,6,o,o,o,o,o. 


25631936, 


1-29345747 


ir a,6,7,o,o,o,o,o. 


25731886, 


1-29475093 


4^a,6,8,o,o,o,o,o, 


25831836, 


1-29604568 


^ a,6,9,o,o,o,o,o. 


25531786, 


1-29728377 


4ra,7,o,o,o, 0,0,0. 


26027267, 


1-29858105 


ia,7, 1,0,0,0,0,0, 


26127217, 


1-29987963 


^ a,7,a,o,o,o,o,o. 


26227167, 


.1-301 17951 


i a,7,3,o,o,o,o,o. 


26327117, 


1 -30248069 


^ a,7,4,o,o,o,o,o. 


26437067, 


1-30378317 


^ a,7,5,o,o,o,o,o. 


26527017, 


1-30508695 


ia,7,6,o,o,o,o,o. 


26626967, 


1-30639204 


I'a,7,7,0,0.0,0,0, 


36726917, 


1-30769843 


ia,7,8,o,o,o,o,o. 


26826869, 


1-30900613 


^ a,7,9,o,o,o,o,o. 


26926819, 


1-31025662 


4ra,8,o,o,o,o,o,o, 


27022300, 


1-31156688 


i a, 8, 1,0,0,0,0,0, 


27122250, 


1-31287845 


^ a,8,a,o,o,o,o,o. 


27222200, 


1*31419133 


^ a,8,3,o,o,o,o,o. 


37322150, 


1-31650553 


i a,8,4,o,o,o,o,o. 


27422100, 


1-31682103 


^ a,8,5,o,o,o,o,o, 


27522050, 


1-31813785 


Ir a,8,6,o,o,o,o,o. 


27622002, 


1-31945599 


Ir a,8,7,o,o,o,o,o. 


27721952, 


1-32077545 


J, a,a,8,o,o,o,o,o. 


37821902, 


1-32209623 


4, a,8,d,o,o,o,o,o. 


27921852, 


1-33335918 


4, a,9,o,o,o,o,o,o. 


2B017333, 


1-32468254 


4'a,9, 1,0,0,0,0,0, 


28117283, 


1 -32600722 


i a,9,a,o,o,o,o,o. 


28217233. 


133733323 


^ a,9,3,o,o,o,o,o. 


38317183. 


1-32866056 


i a,9,4,o,o,o,o,o. 


38417133, 


1*33998923 


^ a,9,5,o,o,o,o,o. 


38517083, 


1*33131921 


^ a,9,6,o,o,o,o,o. 


98617035, 


1-33265053 


4, a,9,7,o,o,o,o,o. 


38716985, 


1*33398318 


^ a,9,8,o,o,o,o,o. 


38816935, 


1-33531716 


4, a,9,9,o,o,o,o,o. 


38916885, 


1-33100000 


Ir 3,0,0,0,0,0,0,0» 


28693054> 


3« 6 


9314718 10=2301 


158509 


4=13 


8629436 100 =.460^ 


>i70l8 
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ASCENDING BRANCH. 



N.NoR. 


JO.N08. 


D. Logs. 


>*33^33ioo 


i 3,0, 1.0,0,0,0,0, 


28693004, 


1-33366333 


;.3,o.a,o,o,o,o,o. 


28792954, 


1*33499699 


1.3,0,3,0,0,0,0,0, 


28892904. 


i'33633>99 


1, 3,0,4,0,0,0,0,0, 


28992854, 


i-3376683a 


^3,0,5,0,0,0,0,0, 


29092804, 


1-33900599 


4,3,0,6,0,0,0,0,0, 


29192756, 


1-34034499 


^3,0,7,0,0,0,0,0, 


29292706, 


1-34168533 


1,3,0,8,0,0,0,0,0, 


29392655, 


1 '34302702 


^ 3,0,9,0,0,0,0,0, 


29492605, 


1-34431000 


1,3,1,0,0,0,0,0,0, 


29588087, 


1-34565431 


4,3,1,1,0,0,0,0,0, 


29688037, 


1*34699996 


;,3,i,a,o,o,o,o,o. 


29787987, 


134834696 


4,3,1,3,0,0,0,0,0, 


29887937, 


1-34969531 


4.3,1.4,0,0,0,0,0, 


29987887, 


1-35104501 


4.3,1,5,0,0.0.0.0, 


30087837. 


1*35239606 


4^3,1.6.0.0.0.0,0, 


30187789, 


1-35374846 


4.3.1.7.0.0,0.0.0, 


30287739, 


1-35510221 


4.3.1.8,0,0.0,0.0, 


30387689, 


1-35645731 


4,3,1,9,0,0.0,0,0, 


30487639, 


1*35775310 


^ 3,a,o.o,o.o.o,o, 


30583120, 


1-35911085 


^3,2.1,0,0,0,0,0, 


30683070, 


1*36046996 


^3,fl.a,o,o,o.o.o, 


30783020, 


1-36183043 


^ 3,a.3.o,o.o,o,o, 


30882970, 


1-36319^26 


^ 3,a,4,o,o,o,o,o, 


30982920, 


1-36455545 


^3,a,5,o,o,o.o.o, 


31082870, 


1-36592001 


4, 3,a.6,o,o,o,o,o, 


31182820, 


1-36728593 


4, 3,a, 7,0,0,0,0.0, 


31282772, 


1-36865322 


4,3,2,8,0,0,0.0.0, 


31382722, 


1-37002187 . 


4,3.8,9,0.0,0.0,0, 


31382672, 


1-37133063 


4,3.3,0,0,0,0.0.0, 


31578153, 


1-37270196 


4,3.3,1.0,0.0.0,0, 


31678103, 


1-37407466 


^ 3.3.2,0.0.0.0,0, 


31778053, 


1*37544873 


4,3,3.3,0,0.0,0,0, 


31878003, 


1-37682418 


4,3,3,4,0.0.0.0,0, 


31977953, 


1-37820100 


4, 3.3.5,0.0.0,0.0, 


32077903, 


1-37957920 


4, 3.3,6,0,0,0,0,0, 


32177853, 


1-38095878 


4, 3,3,7,0,0,0,0,0, 


32277805, 


1-38233974 


4,3.3,8,0,0,0)0.0, 


32377755, 


1 38373208 


4, 3.3.9.0,0,0,0.0, 


32477705, 


1-38504393 


4, 3.4,0,0 0.0.0.0, 


32573186, 


1-38642897 


4.3,4.1.0.0,0.0.0, 


32673136, 


1-38781540 


4. 3.4.2.0.0.0.0.0, 


32773086, 


1 -38920322 


4. 3.4,3,0.0.0,0,0, 


32873036, 


1 '39059242 


4. 3,4,4,0,0.0.0.0, 


32972986, 


1-39 '99301 


4. 3.4.5,0.0,0.0.0, 


33072936, 


1 '39338500 


4. 3.4,6,0.0.0.0.0, 


33172888, 


» '39577839 


4^ 3.4,7,0,0.0,0.0, 


33272838, 


1 '397 17417 


4. 3.4.8.0.0.0,0.0. 


33372788, 


1-39857134 


4,3,4.9.0.0.0.0.0, 


33472738, 


1-39889438 


4.3.5,0,0.0,0,0,0, 


33568219, 


2» 6 


93M7»8 10 = 231 


>258509 


4=13 
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N. Nos. 


D. Nos. 


D. Logs. 


1-40029347 


4^3,5,1,0,0,0,0,0, 


33668169, 


1-40169356 


4, 3,5,a,o,o,o,o,o, 


33768119, 


1*40309525 


^ 3,5,3,0,0,0,0,0, 


33868069, 


1-40449835 


4.3,5,4,0,0.0,0,0, 


33968019, 


1-40590285 


4. 3,5,5,0,0,0,0,0, 


34067969, 


1-40738875 


4^ 3,5,6,0,0,0,0,0, 


34167921, 


1-40879614 


4r 3,5,7,0.0,0,0,0, 


34267871, 


1-41020494 


i 3,5,8,0,0,0,0,0, 


34367821, 


1-41161514 


4^3.5,9,0,0,0,0,0, 


34467772, 


1-41288332 


4.3.6.0,0.0,0.0,0, 


34563252, 


1-41429620 


4^3.6,1,0,0.0.0,0, 


34663202, 


1 '4 » 570850 


4^ 3,6,2.0.0.0.0.0, 


34763152, 


1-41712421 


^ 3,6,3,0.0.0.0.0, 


34863102, 


i*4»8o4i33 


4> 3.6.4..0,0,0,0.0, 


34963052, 


1-41995987 


4^3,6,5.0.0,0,0,0, 


35063002, 


1-42137983 


4^3,6.6.0.0,0,0,0, 


35162954, 


1-42280121 


4^ 3,6,7,0,0.0,0,0, 


35262904, 


1*42422401 


4^ 3,6,8,0,0,0,0,0, 


35362854, 


1-42564823 


4^ 3,6,9,0,0,0,0,0, 


35462804, 


1-42701215 


4^3.7.0,0.0,0,0,0, 


35558285, 


1 '428439 » 6 . 


4^3.7,1,0,0,0.0,0, 


35658235, 


1-42986750 


4^ 3,7,9,0,0,0,0,0, 


35758185, 


1-43129737 


4^3,7,3,0,0,0,0,0, 


35858135, 


1-43272867 


4^3,7,4,0,0,0.0,0, 


35958085, j 


1-43416140 


i 3,7.5.0.0.0.0.0, 


36058035, 


1*43559556 


4^ 3,7,6,0,0,0,0,0, 


36157987, 


1 4^703 116 


4r 3,7,7,0,0,0,0,0, 


36257937, 


1-43846819 


4^ 3,7.8.0.0,0,0,0, 


36357887, 


1*43990666 


4r 3,7,9,0,0,0,0,0, 


36457837, 


1-44128227 


^3,8,0,0,0.0.0.0, 


36553318, 


1*44272355 


4r 3,8, 1,0,0,0,0,0, 


36653268, 


1-44416627 


4, 3,8,2.0,0.0,0,0, 


36753218, 


1-4^561044 


4, 3,8,3,0,0,0,0,0, 


36853168, 


1-44705606 


4,3,8,4,0,0.0.0.0, 


36953118, 


1-44850311 


4, 3,8,5,0,0,0,0,0, 


37053068, 


1*44995161 


4.3,8,6,0,0,0,0,0, 


37153020, 


1-45140156 


^ 3,8.7,0,0,0,0,0, 


37252970, 


1 '45285296 


4,3,8,8,0,0,0,0,0, 


37352920, 


1*45430581 


^ 3,8,9,0,0,0,0,0, 


37452870, 


1-45569509 


4, 3,9,0,0,0,0.0,0, 


37548351, 


1-45715079 


4.3,9,1,0,0.0.0.0. 


37648301, 


1*45860794 


4, 3.9.2,0,0,0,0,0, 


37748251, 


1 '46006655 


4, 3,9,3,0,0.0.0,0, 


37848201, 


1-46152662 


4. 3,9,4,0.0.0,0,0, 


37948151, 


1*46298815 


4. 3,9,5,0,0,0,0,0, 


38048101, 


1-46445114 


4, 3,9,6,0,0,0,0,0, 


38148053, 


1-46591559 


4. 3,9,7,0,0,0,0,0, 


38248003, 


1-46738151 


^ 3,9,8,0,0,0,0,0, 


38347953, 


1-46884889 


4, 3,9,9,0,0,0,0,0, 


38447903, 


1*46410000 


4r 4,0,0,0,0,0,0,0, 


38124079, 


a» 6 


9314718 10— asod 
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ASCENDING BEANCH. 



m.NoH. 


D. Nos. 


D. Logs. 


1*61319051 


i5,0,l,0,0,0A0, 


47755040, 


1*6 I 373363 


i5,o.a,o.o.o.o,o, 


47854990, 


1-61634636 


4r 5,0.3,0,0,0,0,0, 


47954940, 


1-61696171 


4.5,0.4,0,0,0,0,0, 


48054890, 


1-6 1867867 


i 5,0,5,0,0,0,0,0, 


48154840, 


1 -63009735 


i 5,0,6,0,0,0,0,0, 


48354790, 


1 63 19 1765 


i 5,0,7,0,0,0,0,0, 


48354740, 


» -63353967 


^ 5,0.8.0,0,0,0,0, 


48454690, 


1-63516311 


1^5,0.9,0.0,0,0,0, 


48554640, 


1-63661510 


Ir 5, 1,0,0,0,0,0,0, 


48650133, 


1*63834173 


i 5, 1, 1,0,0,0,0,0, 


48750073, 


1*63986996 


Ir 5, 1,2,0,0,0,0,0, 


48850023, 


1*63149983 
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16,4,5,0,0,0.0,0, 


61665990, 


1-85458213 


16,4,6,0.0.0,0,0, 


61765940, 


1-85643671 


16,4,7,0,0,0,0,0, 


61865890, 


1-85829315 


16,4,8,0,0,0,0,0, 


61965840, 


1*86015144 


1 6,4,9,0,0,0.0,0, 


62065790, 


1*86192841 


16,5,0,0,0,0,0,0, 


62161273, 


s» 6 


9314718 10^93C 


KI58509 


4-13 


8629436 100-46C 


►517018 


8-ao 


7944154 1000-69C 


7755«7 1 



ASCENDING BEANCH. 



21 



N.Nofl. 


D.Koa. 


D. Logs. 


1-86379034 


1,6.5,1,0,0,0,0,0, 


63361333, 


1-86665413 


4, 6,5,fl,0,0,0,0,0, 


63361173, 


1-86751978 


;, 6,5,3,0,0,0,0,0, 


63461 133, 


1-86938730 


i 6,5,4,0,0,0,0,0, 


62561073, 


1-87135669 


1.6,5,5,0,0,0,0,0, 


63661033, 


i-873ia795 


^ 6,5,6,0,0,0,0,0, 


62760973, 


1-87500108 


* 6,5.7,0.0,0.0,0, 


63860933, 


1-87687608 


4r 6,5,8,0,0,0,0,0, 


63960873, 


1-87875296 


Ir 6,5,9,0.0,0.0,0, 


63060833, 


1-88054769 


^ 6,6,0,0,0,0.0,0, 


63156306, 


1-88343834 


1^6.6,1,0,0,0,0,0, 


63356356, 


1-88431067 


^ 6,6,2.0,0,0.0,0, 


63356306, 


1-88619498 


^ 6,6,3,0,0,0,0,0, 


63456156, 


1-88808117 


l^ 6,6,4,0,0,0,0,0, 


63556106, 


1-88996935 


^ 6,6,5,0,0,0,0,0, 


63656056, 


1-89185922 


^ 6,6.6,0,0,0,0,0, 


63756006, 


1-89375108 


ir 6,6,7,0,0,0,0,0, 


63855956, 


1-89564483 


1^6,6,8,0,0,0,0,0, 


63955906, 


1-89754047 


^ 6,6,9,0,0,0.0,0, 


64055856, 


1-89935317 


4r 6,7,0,0,0,0,0,0, 


64151339, 


1-90135353 


I' 6,7, 1,0,0,0,0,0, 


64351289, 


1-90315377 


i 6,7,2,0,0,0,0,0, 


64351239, 


1-90505592 


* 6,7,3.0,0,0,0.0, 


64451189, 


1-90696198 


'l'6.7.4.,0,0.0,0,0. 


64551139, 


1-90886894 


ir 6,7,5,0,0.0.0,0, 


64651089, 


1-91077781 


4^6,7,6,0,0,0,0,0, 


64751039, 


1-91368859 


* 6.7,7,0,0,0,0,0, 


64850989, 


1-91460138 


1^6,7,8,0,0,0,0,0, 


64950939, 


1-91651588 


* 6,7,9,0,0,0,0,0, 


65050889, 


1-9 1834670 


^ 6,8,0,0,0,0,0,0, 


65146372, 


i-g2036505 


1^6,8,1,0,0,0,0,0, 


65246323, 


1-93318533 


^ 6,8,2,0.0.0.0,0, 


65346272, 


1-93410751 


Ir 6,8,3,0,0,0,0,0, 


65446333, 


1-93603163 


^ 6,8,4..0.0,0,0,0, 


65546 172, 


1-92795765 


* 6,8,5,0,0.0,0,0, 


65646133, 


1-92988561 


^ 6,8,6,0,0,0,0,0, 


65746072, 


i-93'8i550 


* 6,8.7.0,0,0.0,0, 


65846033, 


1-93374732 


4r 6,8,8.0.0,0.0,0, 


65945972, 


1-93568107 


;, 6,8,9,0.0,0,0,0, 


66045922, 


1-93753017 


ir 6,9,0,0.0.0.0.0, 


66141405, 


1-93946770 


1^6.9,1,0,0,0,0,0, 


66341355, 


1-94140717 


^ 6,9,2.0,0.0.0.0, 


66341305, 


1-94334858 


^ 6,9.3.0,0.0.0,0, 


66441355, 


1-94529193 


4r 6,9,4,0,0,0,0,0, 


66541205, 


1-94723722 


4, 6,9,5,0,0,0,0,0, 


66641155, 


1-94918446 


^ 6,9,6,0,0.0,0,0, 


66741105, 


1-95113364 


4r 6,9,7,0,0,0,0,0, 


66841055, 


1-95308477 


^ 6,9.8,0.0,0,0.0, 


66941005, 


1-95503785 


;. 6,9,9,0,0,0,0.0, 


67040955, 


1-94871710 


^ 7,0,0,0,0,0,0,0, 


66717136, 


3« 6 


9314718 10«330i 


158509 


4-13 


8639436 100=460^ 


>i70i8 


8 = 30 


7944154 iooo«690- 


775527 



ASCENDING BEANCH. 



N.Non. 



1-95066583 
1-95241649 
1-96436891 
i-9563«3«8 
» -95827960 
i-96oa3788 
1*96219819 
1-9641 603a 
1*96613448 
1 '96820437 
1-97017247 
1-97214264 
i*9'74 11478 
1-97608889 
1 97806498 
1-98004304 
1-98302308 
1-98400510 

1*98698911 
1-98788631 

i-989874«> 
1-99186407 

1-99385593 
1-99584978 
1-99784563 
1-99984348 
3-00184333 
300384516 
3-00584901 
3-00776517 
300977294 
3*01178271 

2-01379449 
3*01580828 
3*01782409 
3*01984191 
3-02186175 
3-02388361 
3-02590749 
3*02784282 
3*02987066 
3*03190053 

203393243 
303596636 
3*03800233 
3*04004033 
3*04308037 
304412245 
3*04616857 
3-04813135 

3^ 

4' 
8' 



I>. Kos. 



^ 7,0, 1,0.0,0,0,0, 
^ 7,0,2,0,0,0,0,0, 
^ 7,0,3,0,0,0,0,0, 
I 7,0.4,0,0,0,0,0, 
^ 7,0,5,0,0,0,0,0, 

Ir 7,0,6,0,0,0,0,0, 
i 7,0,7,0,0,0,0,0, 
^ 7,0,8,0,0,0,0,0, 
Ir 7,0,9,0,0,0,0,0, 
i 7,1,0,0,0.0,0,0, 
It 7, 1. 1,0,0,0.0.0, 

^ 7, l.fl,0,0,0,0,0, 
4r 7, 1,3,0.0,0,0,0, 
Ir 7, 1,4.,6,0,0,0,0, 

Ir 7,1,5,0,0,0.0,0, 

1^7,1,6.0.0,0.0,0, 
i 7, 1.7.0.0.0.0,0, 
^ 7, 1.8.0.0,0,0,0, 
^7,1,9.0,0,0,0.0, 

^ 7.a.o.o,o.o,o.o, 
It 7,a, 1.0,0.0,0,0, 
^ 7,a,fl,o,o,o,o,o, 
^ 7,2,3,0,0.0,0,0, 
^ 7,2,4,0,0.0.0.0, 
^ 7,2,5.0,0.0,0,0, 
1 7.2.6.0.0.0.0,0, 
i 7,2,7,0,0,0,0,0, 

Ir 7,2,8,0.0.0.0.0, 

4r 7,2.9.0.0.0,0,0, 
i 7,3,0.0.0.0,0,0, 
ir 7,3, 1.0.0,0,0,0, 

Ir 7,3,2.0,0,0.0,0, 
i 7,3,3,0,0,0,0,0, 

;, 7,3.4.,0,0,0,0,0, 

i 7.3,5.0.0.0,0.0, 

Ir 7.3.6,0.0,0,0,0, 
Ir 7,3,7,0,0,0,0,0, 
Ir 7,3.8.0,0.0,0,0, 
Ir 7,3,9,0,0,0.0,0, 
Ir 7,4,0,0,0,0,0,0, 

^ 7,4, 1,0,0,0,0.0, 
4^ 7.4,2,0,0.0,0,0, 
i 7,4,3.0.0,0,0,0, 

Ir 7,4,4,0,0.0,0.0, 
Ir 7.4,5.0.0.0.0,0, 
I' 7,4,6,0.0.0.0.0, 
Ir 7.4,7,0.0.0,0,0, 
^ 7,4.8.0,0.0.0.0, 

4. 7,4,9,0.0.0.0.0, 

It 7,5,0.0.0.0,0.0, 
« 69314718 10 = 330258509 

= 1 38629436 1 00 = 4605 1 70 1 8 

= 207944154 1000 = 690775537 



D. Logs. 



C68 17076, 
66917026, 
67016976, 
67116926, 
67216876, 
67316826, 
67416776, 
67516726, 
67616676, 

67712159, 
67812109, 
67912059, 
68012009, 
68111959, 
68211909, 
68311859, 
68411809, 

68511759. 
68611709, 
68707192, 
68807142, 
68907092, 
69007042, 
69106992, 
69206942, 
69306892, 
69406842, 
69506792, 
69606742, 
69702225, 
69803175, 
69903125, 
70002075, 
70102025, 
70201975, 
70301925, 
70401875, 
70501825, 
70601775, 
70697358, 
70797208, 
70897158, 
70997108, 
71097058, 
71197008, 
71396958, 
71396908, 
71496858, 
71596808, 
71693391, 



ASCENDING BRANCH. 
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N. Nos. 


D. N08. 


D. Lojjs. 


2-05016937 


4,7,5,1,0,0,6,0,0, 


7179^24', 


205221953 


4, 7,5,2,0.0,0,0,0, 


71892191, 


205427 176 


I 7,5,3,0,0,0,0,0, 


71992»4>, 


2-05632602 


4, 7,5,4,0,0,0,0,0, 


72092091, 


2-05838234 


4, 7,5,5,0,0,0,0,0, 


72192041, 


2-06044072 


4^ 7,5,6,0,0,0,0,0, 


72291991, 


2*06050116 


4^ , 5,7,0,0,0,0,0, 


72391941, 


206256166 


4^ 7,5,8,0,0,0,0,0, 


72491891, 


2-06462422 


4r 7,5,9,0.0,0,0,0, 


72591841, 


206860246 


4r 7,6,0,0,0,0.0,0, 


72687324, 


2-07067106 


* 7,6, 1,0,0,0,0,0, 


72787274, 


2-07274173 


4r 7,6,2,0.0,0,0,0, 


72887224, 


207481447 


4r 7,6,3,0,0,0,0,0, 


72987174, 


2-07688928 


4^ 7,6,4.,0,0,0,0,0, 


73087124, 


2-07896617 


4r 7,6,5,0,0,0,0,0, 


73187074, 


2-08104514 


I 7,6,6,0,0,0,0,0, 


73287024, 


2-08312619 


4^ 7,6,7,0,0,0,0,0, 


73386974, 


1 2-08520932 


4^ 7,6,8,0,0,0,0,0, 


73486924, 


i 208729453 


4^ 7,6,9,0,0,0,0,0, 


73586874, 


' 208928848 


4' 7,7,0,0,0,0,0,0, 


73682357, 


2-09137777 


4^ 7,7,1,0,0,0,0,0, 


73782307, 


i 209346914 


4^ 7,7,2,0,0,0,0,0, 


73882257, 


2-09556261 


I 7,7,3,0,0,0,0,0, 


73982207, 


209765817 


4^ 7,7,4,0,0,0,0,0, 


74082157, 


2-09975583 


'i' 7.7.5,0,0,0,0.0, 


74182107, 


2-10185559 


4r 7,7,6.0.0,0.0.0, 


74282057, 


2-10395745 


^ 7,7,7,0,0,0,0,0, 


74382007, 


2-10606141 


^ 7,7,8,0,0,0.0,0, 


74481957, 


2-10816747 


* 7,7,9,0,0,0.0.0 


74581907, 


2-11018136 


4r 7.8.0,0,0,0,0,0, 


74677390^ 


2-11229154 


4^7.8,1,0,0,0,0,0, 


74777340, 


2-11440383 


4r 7,8,2,0,0,0,0,0, 


74877290, 


2-11651823 


^ 7,8,3,0,0,0,0,0, 


74977240, 


2-11863475 


4^ 7,8,4,0,0,0,0,0, 


75077190, 


2-12075338 


4^ 7,8.5.0,0,0,0,0, 


75177140, 


212287413 


^ 7,8,6,0,0,0.0,0, 


75277090, 


2-12499700 


4^ 7,8,7,0.0.0,0,0, 


75377040, 


. 212712199 


4r 7,8.8,0,0,0,0,0, 


75476990, 


2-12924911 


^ 7.8.9,0,0,0,0,0, 


75576940, 


213128317 


4, 7,9,0,0,0,0,0.0, 


75672423, 


2-133.41445 


4,7,9,1,0,0,0,0,0, 


75772373, 


2135547B6 


4, 7,9,2,0.0,0,0,0, 


75872323, 


2-13768341 


4r 7,9,3,0,0,0,0,0, 


75972273, 


2-13982109 


4, 7,9,4,0,0,0,0,0, 


76072223, 


2-14196091 


^ 7,9,5,0,0,0,0,0, 


76172173, 


2*14410287 


^ 7,9,6,0,0,0,0,0, 


76272123, 


2- 14624697 


* 7,9,7,0,0,0,0,0, 


76372073, 


2-14839322 


4, 7,9,8,0,0,0,0,0, 


76471923, 


2-1505+161 


4r 7,9,9,0,0,0,0,0, 


76571873, 


2-14358881 


4r 8,0,0,0,0,0,0,0, 


76248144, 


2= 6 


9314718 10 = 2305 


158509 


4=-i3 


8629436 ioo«46o, 


517018 


8 = 2C 


7944154 1000 =690' 


775527 



24 



ASCENDING BRANCH. 



N.Non. 



J>. No». 



D. Logn. 



a'i4573a40 
ai47B78»3 
a- 15002591 
«15«»7594 
3' 1 54338 1 3 
3*15648345 
3*15863893 
316079757 
3* 16395837 
3-16503470 
3*16718973 
216935691 
3*17153627 
a- 1 73^780 

ai7587M9 
3*17804736 
3-18033541 
31 8340563 
3-18458804 

3*18667495 
3*18886163 
3*19108051 
tii9327>69 
3-195464W 
3-19766033 

3i998679« 
3*30305784 
3-30435990 
3*30646416 
3*30854170 

3-3 I 075034 
3-3 1396099 

9a»5»7395 
«ai7389»a 
3*31960651 
3 '33 1 8361 3 
3-33404795 
3*33637300 
3 33849837 
3*33063713 

2a3a85775 
233509061 
2*23732570 
223956303 
3-34180359 

2-34404439 
3*34638843 
2-24853472 
3*35078335 
2-35393339 

3= 

4= 
8. 



jr 8,0, 1.0,0,0,0,0, 
I 8,0,S,0,0,0,0,0, 
i 8,0,3,0,0,0,0,0, 
i 8.0,4,0.0,0,0,0, 
i 8,0,5,0.0.0.0.0, 
I 8.0.8,0.0,0,0.0, 
4, 8.0.7,0,0,0,0.0, 
jr 8,0,8.0,0,0.0,0, 
^ 8,0,8,0.0,0,0,0, 
i 8, 1.0.0.0,0.0,0, 
4.8,1,1,0.0.0,0,0, 
i 8. 1.8,0,0.0.0,0, 
4 8,1,8,0,0,0,0,0, 
48.1,4,0.0.0.0.0, 
48,1,5,0.0,0.0,0, 
48,1,8,0,0.0.0.0, 
4 8, 1.7.0.0.0,0,0, 
48,1,8,0,0.0,0,0, 
48,1,8,0,0.0.0.0, 
4 8,8,0,0.0,0,0,0, 
4 8.8, 1,0,0.0.0.0, 
4 8,8,8,0,0,0,0,0, 
4 8,8,3.0.0,0.0.0, 
4 8,8,4.,0.0,0.0,0, 
4 8,8,5,0,0,0.0.0, 
4 8,8.8,0,0,0,0,0. 
48.8.7,0.0.0,0,0, 
4 8.8.8.0.0.0.0,0, 
^ 8,8,8,0.0.0.0,0, 
4 8.3,0,0,0,0,0,0, 
48,8,1,0,0,0,0,0, 
4 8.3.8,0.0,0,0,0, 
^ 8,3.3,0,0.0,0,0, 
48,3,4,0,0,0,0,0, 
4 8,3,5,0,0.0,0 O, 
4 8.3,8,0.0,0,0,0, 
4 8,3,7,0.0,0,0,0. 
4 8,3.8.0,0.0,0,0, 
4 8.3.8.0.0,0.0.0. 
4 8.4.0.0.0.0,0,0, 
48.4,1,0,0.0.0,0. 
4 8.4 8.0.0.0.0.0^ 
4 8.4.3.0 0.0.0,0, 
4 8.4.4.0.0.0.0.0, 
4 8.4.5,0.0,0.0,0, 
4 8.4.6.0,0.0,0,0, 
4 8.4.7,0.0.0,0,0, 
4 8.4.8.0.0,0,0,0, 
4 8.4.8.0.0.0 0,0, 
4 8.5,0,0,0.0,0,0, 
69314718 10 = 
138629436 IOOb 

307944154 1000 



76348094, 
764^8044, 
76547994. 
76647944, 
76747894, 
7^847844, 
76947794, 
77047744, 
77M7694, 
77243177, 
77343127, 
77443077, 
77543027, 
77642977, 
77742927. 
77842877, 
77942837, 
78042777, 
78142727, 

78338310, 
78338160, 
78438110, 
78538060, 
78638010, 
78737960, 

788379»o, 
78937860, 
79037810, 
79»3776o, 
79233243, 
79333193. 
79433143, 
79533093, 
79633043, 
79732993, 
79832943, 
79932893, 
80033843, 

80133793, 
80338376, 
80338336, 
80438176, 
80538126, 
80638076, 
80738036, 
80837976, 
80937936, 
81037876, 
81137836, 
81233309, 

230358509 

460517018 

690775527 



ASCENDING BRANCH. 



25 



1 K. Nos. 


D. Nob. 


D. Logs. 


S'115518633 


4r8,5,l,O»0,0,0,O, 


81323259, 


2-25744151 


48,5,fl,0,O,0,0»O, 


81423209, 


2-25969895 


1^8,5,3,0,0,0,0.0, 


81523159, 


2-26195865 


1. 8,5,4,0,0,0,0,0, 


81623109, 


3*26422061 


ir 8,5,5,0,0,0,0,0, 


81723059* 


226648483 


1^8,5,6,0,0,0,0.0, 


81823009, 


2-26875131 


* 8,5,7,0,0,0,0,0, 


81922969. 


2*27102006 


1.8,5,8,0,0,0,0,0. 


82022909, 


2-27329108 


i 8,5,9,0.0,0,0.0, 


82122859, 


227546272 


^ 8,6,0,0,0,0,0,0, 


82218342, 


227773818 


i 8.8, 1,0,0,0,0,0, 


82318292, 


2*28001591 


i8,6,fl,0,0,0,0,0^ 


82418242, 


2*28229592 


1^8.6,3,0,0,0,0,0, 


82518192, 


2-28457822 


1^8,8,4,0,0,0,0,0, 


82618142, 


2*28686280 


1^8,6,5,0,0,0,0,0, 


82718092, 


2-28914966 


1^8,6,6,0,0,0,0,0, 


82818042, 


2*29143881 


Ir 8,6,7,0,0,0,0,0, 


82917992, 


2-29373025 


Ir 8,6,8,0,0,0,0,0, 


83017942, 


229602398 


1.8,6,9,0,0,0,0,0, 


83117892, 


2*29821735 


1^8,7,0,0,0,0,0,0, 


8320337& 


2*30051556 


1.8,7,1,0,0,0,0,0, 


83303325, 


2-30281608 


ir 8,7,2.0,0,0,0,0, 


83403275, 


2*30511890 


4.8,7.3.0,0,0,0,0, 


83503225, 


2*30742402 


;. 8,7,4,0,0,0,0,0, 


83603175, 


2-30973144 


^ 8,7,5,0,0,0,0,0, 


83703125, 


2*31204117 


;. 8,7,6,0,0,0,0,0, 


83803075, 


2*31435321 


1.8,7,7,0,0,0,0,0, 


83903025, 


2*31666756 


;. 8,7,8,0,0,0,0,0, 


84002975, 


2*31898423 


^ 8,7,8,0,0,0,0,0, 


84102925, 


2-32119952 


^8,8,0,0,0,0,0,0. 


84198408, 


2*32352072 


1.8,8,1,0,0,0,0,0, 


84298358, 


2-32584424 


i, 8,8,8,0,0,0,0,0. 


84398308, 


2*32817008 


i, 8,8,3,0,0,0,0,0, 


84498258, 


2*33049825 


^8,8,4,0,0,0,0,0, 


84598208, 


2'33282875 


^8,8,5,0,0,0.0,0, 


84698158, 


233516158 


4. 8,8,6,0,0,0,0,0, 


84798 108, 


2*33749674 


1,8,8,7,0,0,0,0,0, 


84898058, 


2-33983424 


1,8,8,8,0,0,0,0,0, 


84998008, 


2*34217407 


ir 8,8,9,0,0,0.0,0, 


85097958, 


2-3444H51 


4 8,9,0,0,0,0,0,0, 


85193441, 


234675592 


48,9,1,0,0,0,0,0. 


85293391, 


234910268 


48,9,8,0,0,0.0,0, 


85393341, 


2-35145178 


4 8,9,3,0,0,0,0,0, 


85493291, 


2-353803-23 


4 8,9,4,0,0,0,0,0, 


85593241, 


2-35615703 


4 8,9,5,0,0,0,0,0, 


85693191, 


2-35851319 


4 8,9,6,0,0,0,0,0, 


85793141, 


2-36087170 


48,9,7,0,0,0,0,0, 


85893091, 


2*36323257 


4 8,9,8,0,0,0,0,0, 


85993041, 


2-36559580 


4 8,9,9,0,0,0,0,0. 


86092991, 


2-35794769 


4 9,0,0,0,0,0,0,0, 


85779*62, 


2= 6 
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ft'36030564 


^9.0,1,0,0,0,0,0, 


858791 i«, 


2-36266595 


^9,0,2,0.0,0,0,0, 


85979062, 


2-36502862 


i 9,0,3,0,0,0,0,0, 


86079012. 


a-36739365 


^9,0,4,0.0,0,0,0, 


86178962, 


2-36976104 


^9,0,5,0,0,0,0,0, 


86278912, 


2-37213080 


^9,0,6,0,0,0,0,0, 


86378862, 


237450293 


i 9,0,7,0,0,0,0,0, 


86478812, 


2-37687743 


^ 9,0,8,0,0,0,0,0, 


86578762, 


2-3772643» 


i 9,0,9,0,0,0,0,0, 


86678712, 


2-38152717 


^9.1,0,0,0,0,0,0, 


86774195, 


2-38390870 


4r 9, 1,1,0,0,0,0,0. 


86874145, 


2-38629261 


i9,l,fl,0,0,0,0,0. 


86974095, 


238867890 


^ 9, 1,3,0,0,0,0,0, 


87074045, 


2-39106758 


1^9,1,4,0,0,0,0,0, 


«7i73995, 


239345865 


ir 9, 1,5,0,0,0,0,0, 


87273945, 


2-39585211 


^9,1,6,0,0,0,0,0, 


87373895, 


239824797 


4.9,1,7,0,0,0,0,0, 


87473845, 


2-40064622 


1.9,1,8,0,0,0,0,0, 


87573795, 


2-40304687 


1,9,1,9,0,0,0,0,0, 


87673745, 


2-40534a44 


^ 9,8,0,0,0,0,0,0, 


87769a«8, 


2-40774778 


1,9,8,1,0,0,0,0,0, 


87869178, 


2-41015553 


^ 9,8,8,0,0,0,0,0, 


87969198, 


2-41256569 


^ 9,8,3,0,0,0,0,0, 


88069078, 


2-41497826 


^ 9,8.4.,0,0,0.0,0, 


88169028, 


2-4»7393«4 


^ 9,8,5,0,0,0,0,0, 


88268978, 


241981063 


I 9.8,6,0,0,0,0,0, 


88368928, 


a'42223044 


^9,8,7,0,0,0,0,0, 


88468878, 


2-42465«67 


1,9,8,8,0,0,0,0,0, 


88568828, 


2-4270773a 


;, 9,S,9,0,0,0,0,0, 


88668778, 


2-4*939586 


^ 9,3,0,0,0,0,0,0, 


88764-261, 


2-43182526 


^9,3,1,0,0,0,0,0, 


88864211, 


243425709 


;, 9,3,8,0,0,0,0,0. 


88964161, 


2-43669135 


^ 9,3.3.0,0,0,0,0. 


89064111, 


243912804 


4, 9,3,4.,0,0,0,0,0, 


89164061, 


2-44156716 


4, 9.3,5,0,0.0,0,0, 


89264011, 


2-44400873 


4, 9.3.6,0,0,0,0,0, 


89363961, 


2-44645474 


;, 9,3,7,0,0,0,0,0, 


89463911, 


2-44889919 


;,-9,3,8,0,0,0,0,0, 


89563861, 


2-45134809 


;, 9,3,9.0,0,0,0.0. 


89663812, 


2-45368982 


4r 9,4,0,0,0,0,0,0, 


89759994, 


2*45614351 


4.9,4,1,0,0,0,0,0, 


89859944, 


2-45859965 


4, 9,4.8,0,0,0,0,0. 


89959194, 


2-46105825 


^ 9,4,3,0.0.0,0,0, 


90059144, 


a:4635i93i 


4, 9,4,4,0,0,0,0.0, 


90159094, 


2-46598283 


i 9,4,5,0,0,0,0,0, 


90259044, 


2-46844881 


i 9.4,6,0.0,0,0,0. 


90358994, 


2-47091726 


4.9,4,7,0.0,0,0,0, 


90458944, 


9-47338818 


4r 9.4,8.0,0,0,0,0, 


90558894, 


2-47586157 


i 9,4,9,0,0,0.0,0. 


90658844, 


2-47822672 


^9,5,0,0,0,0,0,0, 


90754397, 


2- 6 


9314718 10=s23C 


>958509 


4«13 


8629436 100= 46c 
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8«20 
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2-48070495 


^ 9,5,1,0,0,0,0,0, 


90854277, 


j 2-483 18565 


^ 9,5,fl,0,0,0,0,0, 


90954227, 


1 2-48566884 


;, 9,5,3,0,0,0,0,0, 


91054177, 


I 2-488j545» 


^ 9,5,4.,0,0,0,0,0» 


91154127, 


2-49064266 


^ 9,5,5,0,0,0,0.0, 


91254067, 


a 493 « 3330 


4, 9,5,6.0,0,0,0,0, 


91354017, 


2*49562643 


^ 9.5,7,0,0,0,0,0. 


91453967, 


1 2-49812206 


;, 9,5,8,0,0,0.0,0. 


91553917, 


2-50062018 


^ 9,5,9,0,0.0,0,0, 


91653867, 


250300898 


^ 9,6.0,0.0,0.0,0, 


91749360, 


a-5055»i99 


;, 9.6,1.0,0.0.0.0, 


91849310, 


2-5080 1750 


^ 9,6,2,0.0,0.0.0, 


91949260, 


3-51052552 


4 9,6,3.0,0,0.0.0. 


92049210, 


2-51303605 


4 9,6,4,0.0.0.0.0, 


92149160, 


9-51554909 


4 9,6,5.0.0.0,0.0, 


92249110, 


2-51806454 


4 9.6,6,0,0.0.0.0, 


92349060, 


2*52058260 


4 9.6,7.0,0,0,0.0, 


92449010, 


2*52310318 


4 9.6.8,0,0,0,0.0. 


92548960, 


2*52562628 


4 9,6,9,0,0,0,0,0, 


92648910, 


9*5-2803907 


4 9,7,0,0,0.0.0.0, 


99744393, 


9*530667* » 


4 9,7.1,0,0,0.0,0, 


92844343, 


9*53309768 


4 9,7,2,0,0,0.0,0, 


92944293, 


953563078 


4 9,7,3,0,0,0,0.0. 


93044243, 


9-53816641 


4 9,7.4,0,0.0,0,0. 


93144193, 


• 954070458 


4 9,7,5,0,0,0,0,0, 


93244143, 


9-54324598 


4 9,7.6,0,0,0,0,0, 


93344093, 


9-54578853 


4 9.7,7.0,0,0,0,0, 


93444043, 


9*54833439 


4 9,7,8,0.0,0,0.0, 


93543993, 


2-55088265 


4 9.7,9,0,0,0.0,0, 


93643943, 


9*55331946 


4 9,8,0,0,0,0,0,0, 


93739426. 


9*55587978 


4 9,8,1,0,0,0,0,0, 


93839376, 


9-55842865 


4 9,8,2,0,0,0,0.0, 


93939326, 


9-56098708 


^ 9.8.3.0.0.0,0,0, 


94039276, 


9*56354807 


4 9,8.4,0.0.0,0,0, 


94139226, 


2-5661 1 162 


4 9,8.5.0.0.0.0,0, 


94239176, 


956867773 


4 9,8.6.0.0.0.0.0. 


94339126, 


2-57124641 


4 9.8.7,0.0.0.0,0, 


94439076, 


9-57381765 


4 9.8,8,0,0,0,0,0, 


94539026, 


9*57639147 


4 9,8,9,0.0,0.0.0, 


94638976, 


2-57885265 


4 9,9.0.0.0.0,0,0, 


94734459, 


2-58143150 


4 9.9.1,0.0.0,0.0, 


94834409, 


258401293 


4 9,9.2.0.0.0,0,0, 


94934359, 


9-58659694 


4 9.9,3,0.0,0.0.0, 


95034309, 


9-58918354 


4 9,9.4.0,0,0,0.0, 


95134259. 


9*59177979 


4 9,9,5,0,0.0.0,0, 


95234209, 


9-59436449 


4 9,9,6.0.0.0.0.0, 


95334159, 


9*59695885 


4 9.9,7,0.0.0.0,0, 


95434109, 


9*59955581 


4 9,9,8.0.0.0.0,0, 


95534059, 


2*60215537 


4 9.9.9.0.0.0,0,0. 


95634009, 


9*59374946 


4 10.0,0,0,0,0.0.0, 


95310180, 
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*'596336io 


* 10.0. 1.0.0,0,0,0, 


95410130, 


a'59893a54 


^ 10,0,2,0,0,0,0,0, 


95510080, 


2-60153147 


^ 10,0,3,0,0,0,0,0, 


95610030. 


2-60413200 


4 10,0,4,0,0,0,0,0, 


95709980, 


2-60673613 


4 10,0,5,0,0,0,0,0, 


95809930, 


2-60934287 


4 10,0,6,0,0,0,0,0, 


95909880, 


2-61195221 


410,0,7,0,0,0,0,0,. 


96009830, 


a-6i4564i6 


4 10,0,8,0,0,0,0,0, 


96109780, 


2-61717872 


4 10,0,9,0,0,0,0,0, 


96209730, 


2-61967988 


jr 10, 1,0,0,0,0.0,0, 


96305213, 


2-62229956 


410,1,1,0,0,0,0,0. 


96405163, 


2*62492186 


^ 10, 1,2,0,0,0,0,0, 


96505113, 


262754678 


410,1,3,0,0,0,0,0, 


96605063, 


2-63017433 


1^10,1,4,0,0,0,0,0, 


96705013, 


2-63280450 


^10,1,5,0,0,0,0,0, 


96804963. 


2-63543730 


1^10,1,6,0,0,0,0,0, 


96904913, 


2-63807274 


4 10, 1,7.0,0,0,0,0, 


97004363, 


a -6407 1081 


1^10,1,8,0,0.0,0,0, 


97104813, 


264335 »5« 


4 10, 1,9,0,0,0,0,0, 


97204763, 


2-64587668 


4 10,2,0,0,0,0,0,0, 


97300246, 


264852256 


4 10.2, 1,0,0,0,0,0, 


97400196, 


3-65117 108 


4 10,2,2,0,0,0,0,0, 


97500146, 


2-65382225 


4 10,2,3,0,0,0,0,0, 


97600096, 


265647607 


4 10,2,4,0,0,0,0,0, 


97700046, 


2-659i3«55 


4 10,2,5,0,0,0,0,0, 


97799996, 


2-66179168 


4 10,2,6,0,0,0,0,0, 


97899946, 


2-66445347 


4 10,2,7,0,0,0,0,0, 


98999896, 


2-667ii79« 


4 10,2,8,0.0,0,0,0, 


98099846, , 


2-66978504 


4 10,2,9,0,0,0,0,0, 


98149796, 


2-67233545 


4 10,3,0,0,0,0,0.0, 


98295279, 


2-67500778 


4 10,3, 1,0,0,0,0,0, 


98395229, 


2-67768279 


4 10,3,2,0,0,0,0,0, 


98495179, 


3-68036047 


4 10,3,3,0,0,0,0,0, 


98595129, 


268304083 


4 10,3,4,0,0,0,0,0, 


98695079, 


2-68572387 


4 10.3,5,0,0,0,0.0, 


98795029, 


268840959 


4 10,3.6,0,0,0,0,0, 


98894979, 


3-69109800 


4 10,3,7,0,0,0,0,0, 


9«994929» 


269378910 


4 10,3,8,0,0,0,0,0, 


99094879. 


3-69648289 


4 10,3,9,0,0,0.0.0, 


99194829, 


3-69905880 


\ 10^4,0,0,0,0.0.0, 


99290312, 


3-70175785 


i 10,4, 1,0,0,0,0.0, 


99390262, 


2-70445961 


1 10.4,2,0.0,0,0,0, 


99490212, 


3-70716407 


i 10,4,3,0,0,0.0,0, 


99590162, 


3-70987123 


i 10,4,4,0,0,0.0.0, 


99690112, 


3-71258110 


1 10,4,5,0,0,0,0,0, 


99790062, 


271529368 


jr 10,4,6,0.0.0,0,0, 


^9890012, 


3-71800897 


i 10,4,7,0,0,0,0,0, 


99989962, 


2-72072698 


I 10.4,8.0,0,0,0,0, 


100089912, 1 


a7234477i 


4 10.4,9,0,0.0.0,0, 


100189862, 


2-72604939 


i 10,5,0,0,0, 0,0,0, 


100285345, 
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2-72877644 


i 10,5,1,0,0,0,0,0, 


100385295, 


273150422 


^ 10,5,2,0,0,0,0,0, 


100485245, 


3-73423572 


^ 10,5,3,0,0,0,0,0, 


100585195, 


2-73696996 


\ 10,5,4,0,0,0,0,0, 


100685145, 


273970693 


^ 10,5,5,0,0,0,0,0, 


100785095, 


2 74244664 


^ 10,5,6,0,0,0,0,0, 


1 00885045, 


274518909 


* 10,5,7,0,0,0,0,0, 


100984995, 


274783428 


^ 10,5,8,0,0,0,0,0, 


101084945, 


275058211 


;, 10,5.9,0,0,0.0,0, 


101184895, 


275330988 


^ 10,6,0,0,0,0,0,0, 


101280378, 


275606318 


4r 10.6, 1,0,0,0,0,0, 


101380328, 


275881924 


4r 10,6,2,0,0,0,0,0, 


101480278, 


276157806 


^ 10,6,3,0,0,0,0,0, 


101580228, 


276433964 


4r 10,6,4,0,0,0,0,0, 


101680178, 


276710398 


jr 10,6.5,0,0,0,0,0, 


101780128, 


276987108 


4r 10,6,6,0,0,0,0,0, 


101880078, 


277264095 


jr 10,6,7,0,0,0,0,0, 


101980028, 


277541359 


I 10,6,8,0,0,0,0,0, 


102079978, 


277818900 


4r 10,6,9,0,0,0,0,0, 


102179928, 


278084298 


* 10,7,0,0,0,0,0,0, 


102275411, 


278362382 


4.10,7,1,0,0,0,0,0, 


102375361, 


278640744 


Ir 10,7,2,0,0,0,0,0, 


1024763", 


278919385 


* 10,7,3,0,0,0,0,0,. 


102575261, 


i 279198304 


^ 10,7,4,0,0,0,0,0, 


102675211, 


279477502 


i 10,7,5,0,0,0,0,0, 


102775161, 


279756980 


^ 10,7,6,0,0,0,0,0, 


102875111, 


2 80036736 


ir 10,7,7,0,0,0,0,0, 


102975061, 


2-80316773 


ir 10,7,8,0,0,0,0,0, 


103075011, 


2-80597190 


^ 10,7,9,0,0,0,0,0, 


103174961, 


2-80865141 


4r 10,8,0,0,0,0,0,0, 


103270444, 


i 281146006 


^10,8,1,0,0,0,0,0, 


103370394, 


' 281427152 


;, 10,8,2,0,0,0,0,0, 


103470344, 


! 281708579 


\ 10,8,3,0,0.0,0,0, 


103570294, 


1 2-81990287 


i 10,8,4,0,0,0,0,0, 


103670244, 


< 282272272 


4, 10,8,5,0,0,0,0,0, 


103770194, 


282554549 


4r 10,8,6,0,0,0,0,0, 


103870144, 


282837103 


4r 10,8,7,0,0,0.0,0. 


103970094, 


283119940 


4, 10,8,8,0,0,0,p,0, 


104070044, 


2-83403060 


4, 10,8,9,0,0,0,0,0, 


104169994, 


2-83673792 


4, 10,9,0,0,0,0,0,0, 


104265477, 


2-83957466 


4.10,9,1,0,0,0,0,0, 


104365427, 


284241423 


4. 10,9,2,0,0,0,0,0, 


104465377, 


2 84525664 


4. 10,9,3,0,0,0,0,0, 


104565327, 


2-84810190 


4. 10,9,4,0,0,0,0,0, 


104665277, 


285095000 


4, 10,9,5,0,0,0,0,0, 


104765227, 


285380095 


4. 10,9,6,0,0,0,0,0, 


104865177, 


2-85665475 


4.10,9,7,0,0,0,0,0, 


104965127, 


2-85951140 


4. 10,9,8,0,0,0,0,0, 


105065077, 


2-86237091 


4. 10,9,9,0,0,0,0,0, 


105165027, 


2-85311671 


4. 1,0,0,0,0,0,0,0, 


104841198, 


! 2= 6 


9314718 10=2305 


158509 


1 4=13 


8629436 100=460^ 


)i70i8 


', 8 = 2C 


7944154 1000=690' 


775527 



80 



ASCENDING BEANCH. 



N.Non. 



D. No8. 



D. Logs. 



S'8549698a 

3*85760478 

3-86069360 

3-86355339 

386641684 

3-86938336 

3-87315354 

a'87505469 

2-87793974 

3-88164788 

3-88453959 

3-88741405 

3-89030146 

3-89319176 

3-89608495 

3-89898103 

3*90188001 

3-90478189 

3-90768667 

3*91046436 

a*9> 33748a 

3*91638817 

3*91930448 

3-93313368 

a*9«50458o 

3*92797068 

393089893 

2 ~ ^ 

2S 

3*93956900 

3*94350867 

3-94545109 

3*94839653 

3*95134493 

3-95439637 

3-95735057 
3*96030783 
3*96316803 
3*96613130 



3*97 193365 
3'97490658 
3*97788049 
3*98085837 
3*98383936 
3*98683307 
3-98980989 
3*99161133 

3- 
4- 

8- 



i 11.0, 1,0,0,0,0,0, 
^ ll,0,fl,0,0,0,0,0, 
i, 11,0,3,0,0,0,0,0, 
i 11,0,4,0,0,0,0,0, 
i, 11,0,5,0,0,0,0,0, 
1 11,0,6,0,0,0,0,0, 
1 11,0,7,0,0,0,0,0, 
1 11,0,8,0,0,0,0,0, 
1 11,0,9,0,0,0,0,0, 

^11,1,0,0,0,0,0,0, 
1,11,1,1,0,0,0,0,0, 

4.11,l,fl.0,0,0,0,0, 
j, 11, 1,3,0,0,0,0,0, 
^11,1,4,0,0,0,0,0, 
1^11,1,5,0,0,0,0,0, 
|,11.1.3,0,0,0.0,0. 
* 11, 1,7,0,0,0,0,0, 
^11,1,8,0,0,0,0,0, 
^11,1,9,0,0,0,0,0, 
4 11,2,0,0,0,0,0,0. 

4 ii,a, 1,0,0,0,0,0, 
4 ii,fl,a,o,o,o,o,o, 

4 ll,fl,3,0,0,0,0,0, 
4 ll,fl,4,0,0,0,0,0, 
^ ll,fl,5,0,0,0,0,0, 

4 ii,a,6,o,o,o,o,o, 

^ ll,fl,7,0,0,0,0,0, 
4 ll,fl,8,0,0,0,0,0, 

4, 11,2,9,0,0,0,0,0, 
4, 11,3,0,0,0,0,0,0, 
^11,3,1,0,0,0,0,0, 
^ 11,3,2,0,0,0,0,0, 

1,11,3,3,0,0,0,0.0, 

^ 11,3,4,0,0,0,0,0, 

4 11,3,5,0,0,0,0 O, 

^ 11,3.6,0,0,0,0,0, 
^ 11,3,7,0,0,0,0,0, 

4 U«3,8,0,0,0,0,0, 
4 11,3,9,0,0,0.0,0, 
4 11,4,0,0.0,0.0,0, 
411,4,1,0,0,0,0,0, 
4 11,4,2.0,0,0,0,0, 
4 11,4,3.0,0,0,0.0, 
4 11,4,4,0,0.0,0.0, 
4 11.4,5,0,0,0.0.0, 
4 11.4,6.0.0.0.0,0, 
4 11.4,7,0.0.0,0,0, 
411,4,7,6,0.2,3,9, 

• 69314718 

s 138639436 

.307944154 



104941148, 
1 05041098, 
105141048, 
1 05340998, 
»05340948, 
105440898, 
105540848, 
105640798, 
105740748, 
105836331, 
105936181, 
106036131, 
106136081, 
106336031, 
106335981, 
106435931, 
106535881, 
106635831, 
106735781, 
106831364, 
106931314, 
107031164, 

107131114, 
107331064, 

107331014, 
107430964, 

107530914, 
107630864, 

107730814, 
107836397, 
107936347, 
108036197, 
108136147, 
108336097, 
108336047, 
108435997, 

108535847; 
108625797, 
108725747, 
108831330, 
108931380, 
109031330, 
109131180, 
109221130, 
109321080, 
109421030, 
109520980, 
109581315, 



10 = 330258509 

100=460517018 

1000=690775527 



ASCENDING BEANCH. 



81 



DESoxsDnro Bsaitch. 




'lit 



•3 


I 


3 


8 





I 


5 


9 


6 





9+ 






1 


2 


5 


5 


2 


4 


2 


3 


8 


4- 










1 


8 


8 


2 


8 


6 


3 


6+ 


'4.t 












1 


2 


5 


5 
3 


2 

1 


4- 
4+ 




•3 





1 


4 


4 


5 


2 





6 


5 


1 + 








2 


1 


1 





1 


1 


6 


4 


5- 














6 


3 


3 

1 






3 
5 


5 + 
5- 
1 + 


'7 3^ 


•9 


9 


9 


3 


4 


1 


4 





9 


8 


7 + 










1 


7 


9. 


6 




4 


4 
4 


8 
9 


5- 

+ 

1 — 


'6,t 


'3 


9 

• 


9 

• 


1 


6 

t 


1 


8 


4 


9 


9 


i-t- 




* 


5 


9 


8 


3 


2 — 


'2.t 
















8 


9 


7 


5- 


'3 7^ 
















2 


3 

1 


9 
5 

2 


3- 

— 

1 — 

1 


'Set 
'7aot 



•299161 13619 

II 

'11 '4 »7 '6 'o '2 '3 '8 '5 '7 'o '5f 



80 ASCENDING BEANCH. 


N.Koii. 


D.N08. 


D. Logs. 


3-8549698a 


1.11,0,1,0,0,0,0.0, 


104941 148, 


a-8678tt478 


l.ii,o,a,o,o,o,o,o. 


I05041098, 


3-86069960 


* 11,0,3,0,0,0,0,0, 


105141048, 


3*86355339 


1 11,0,4,0,0,0,0,0, 


105240998, 


3-86641684 


^ 11,0,5,0,0,0,0,0. 


105340948, 


3*86938336 


^ 11,0,6,0,0,0,0,0, 


105440898, 


9*87315354 


^ 11,0,7,0,0,0,0,0, 


105540848, 


a*875064<^ 


^ 11,0,8,0,0,0,0,0, 


105640798, 


3-8779a974 


^ 11,0,9,0,0,0,0,0, 


105740748, 


3*88164788 


^11,1,0.0,0,0,0,0, 


105836231, 


3*8845a95a 


* 11, 1,1,0,0,0,0,0, 


105936181, 


9*88741405 


4rii,i,a,o,o,o,o,o, 


106036131, 


3-89030146 


^11,1,3,0,0,0,0,0, 


106136081, 


a'893i9i76 


4.11,1,4,0,0,0,0.0, 


106236031, 


3*89608496 


^11,1,5,0,0,0,0,0, 


106335981, 


3-89898103 


* 11. 1,6,0,0,0,0,0, 


106435931, 


3*90188001 


4, 11, 1,7,0.0,0,0,0, 


106535881, 


3*90478189 


^11,1,8,0,0,0,0,0, 


106635831, 


9-90768667 


^11,1,9,0,0,0,0,0, 


106735781, 


9-91046436 


^ 11,3,0,0,0,0,0,0, 


106831364, 


3-9 133748a 


4.11,3,1,0,0,0,0,0, 


106931214, 


3*91638817 


1 11,3,3,0,0,0,0,0, 


107031164, 


991930448 


4, 11,3,3,0,0,0,0,0, 


107131114, 


3*99313368 


i 11,3,4,0,0,0.0.0, 


107231064, 


3-93504580 


^ 11,3,5,0,0,0,0.0, 


107331014, 


2-9279705B 


^ 11,3,6,0,0,0,0,0, 


107430964, 


2*93089893 


^ 11,3,7,0,0,0,0,0, 


107530914, 


2-93383983 


1,11,3,8,0,0,0,0,0, 


107630864, 


2*93676365 


^11,8,3,0,0,0,0,0, 


107730814, 


2-93956900 


4, 11,3,0,0,0,0,0,0, 


107896997, 


9-94950867 


4,11,3,1,0,0,0,0,0, 


107926947, 


294545109 


i 11,3,3,0,0,0,0,0, 


108096197, 


2-94839653 


^ 11,3,3,0.0,0,0,0, 


108196147, 


295134493 


^ 11.3,4,0,0,0,0,0, 


108996097, 


295429627 


4, 11.3,5,0,0.0,0 0, 


108326047, 


295725057 


4. 11,3.6,0,0,0.0,0, 


108425997, 


9*96090789 


^11,3,7,0,0,0.0.0, 


108595847, 


9*96316803 


^ U»3,8,0,0,0,0,0, 


108625797, 


996613190 


i 11,3,9,0,0,0.0.0, 


108725747, 


9*96896469 


4r 11,4,0,0,0,0,0,0, 


108821330, 


2-97193365 


4.11,4,1,0,0,0,0,0, 


108991980, 


2-97490558 


4. 11,4.3.0,0,0,0.0, 


109091930, 


2*97788049 


i 11.4,3,0,0,0,0,0, 


109191180, 


998085837 

i 9-98383996 


i 11,4,4.0,0.0.0.0, 


109921130, 


i 11,4.5.0.0,0,0.0, 


109321080, 


9-98689307 


i 11.4,6,0.0.0,0.0, 


109421030, 


9*98980989 


4. 11.4,7,0.0,0,0,0, 


109520980, 


9*99161132 


^ 11,4,7,6,0,3.3,9, 


109581915, 



2« 69314718 10 = 930958509 

4=138699436 100 = 460517018 
8-907944154 1000 = 690775527 



ASCENDING BEANCH. 



81 



DESOEHsnra Bbaitch. 




•lit 



•3 


I 


3 


8 





I 


5 


9 


6 





9+ 






1 


2 


5 

1 


5 
8 


2 

8 


4 

2 


2 

8 


3 
6 


8 
3 


t 


•4.t 












1 


2 


5 


5 
3 


2 

1 


4- 
4+ 




•3 





1 


4 


4 


5 


2 





6 


5 


1 + 








2 


1 


1 





1 


1 


6 


4 


5- 














6 


3 


3 

1 






3 
5 


5+ 
5- 
1 + 


•7.» 


•9 


9 


9 


3 

1 


4 

7 


1 

9 


4 
6 





4 


9 
4 
4 


8 
8 
9 


7 + 
5- 

+ 

1 — 


'6,t 


•2 


9 


9 


1 


6 


1 


8 


4 


9 


9 


i-f 




• 








t 




5 


9 
8 

2 


8 
9 
3 

1 


3 
7 
9 
5 

2 


2 — 

5- 
3- 

— 

1 — 
1 


'7„t 



•29916113619 

II 

'11 '4 '7 '6 'o '2 '3 '8 '5 '7 'o '5f 



da 



ASCENDING BBANCH. 



ASCENOINO BbA^KCH. 




*ih 



a 


8 


5 


3 


1 


1 


6 


7 


o 


6 


1 


1 






1 


1 


4 


1 


2 


4 


6 


6 


8 


2 


4 










1 


7 


1 


1 


8 


7 


o 





2- 


*'4, 












1 


1 


4 


1 

2 


2 

8 


4 
5 


7 
3 




s 


9 


6 


8 


9 


S 


4 


6 


8 


5 


3 


7 








2 


o 


7 


8 


a 


7 


5 


2 


8 


o 














6 


s 


3 

1 


4 




8 
3 


2 

9 

1 


6 

1 


**7, 


2 


9 


8 


9 


8 





9 


8 


9 





4 


4 










1 


7 


9 


3 


8 


8 


5 


9 


3 








' 










4 


4 


8 


4 


1 


**6. 


s 


9 


9 


1 


6 





4 


2 


2 


4 


9 


o 






• 


• 


• 


t 




5 


9 
8 

2 


8 
9 
3 

1 


3 

7 
9 
4 

2 


2 

4 
3 
9 




1 
8 

3 
6 

9 


/ 3, 
*• 5. 



2-99161 136197 

II 

4.11, 4, 7, 6, o, 2, 3, 8, 5, 7, 0, 5, 

Hence the two brancbes coincide, the daal digits and the 
digits of the corresponding natural numbers at this point 
being expressed bj tne same numbers in consecutive order* 



TABLE II. 



TABLE II. 

DESCENDING BEANCH 

OF 

DUAL ARITHMETIC. 

DUAL NUMBEES AND DUAL 
LOGARITHMS, 

WITH 

OOERESPONDING NATURAL NUMBERS. 



TaZLE 1L 



I- 



5 Tn. 


1 y*. 




D. Logs. 


•^ ^»^_»-RJ 


cciooooot 


'100050 


..r •- M 


coaooooot 


'aooioo 


•,- : o 


C0300000^ 


'300*50 


•1- - ---'J 


co^ooooo^ 


*40oaoo 


\*___^.--u 


005 OOOOO t 


•500250 


• -. . ^.^o 


ooeooooo t 


'600300 




OOTOOOOOt 


'700350 


>.^^~-o 


ooaooooot 


'800400 


... : .i 


OOTOOOOOt 


'900450 


WW • «.'. -O 


oioooooot 


'1005034 


*;.-., -CO 


^1 1 ooooot 


'1105084 


'.,: >--«■ ».»i 


oiaooooot 1 


'1205134 


'\.'^.-i^V' 


oi 3 0oaoot 


'1305180 


'.i':*-^ -4 


oioooooot , 


'1405230 


'1,- v.--..Si 


•oisooooot 


'1505280 


>-^:-*-3 


•oi eooooot 


•1605330 


-L- - '.,.-5 


•OlTOOOOOt [ 


'1705380 


-"^----^i-T 


•oisooooot 


'1805430 


-l:..ii^^ 


oisooooot 


•1905480 


-jt-.": -•-<:o 


•oao ooooot 1 


•2010068 


-:~i..y-0 


oai ooaoot 


•2110118 


'r-ri^r-3 


•oaaooooot 


•2210168 


-t— ^i>4 


•o a 3 ooooot , 


•2310218 


-r— a*5:S 


•oaaooooot 




'2410268 


-:-5>jo7V) 


.'o a 5 ooooot 




•^510318 


■S'l'}}io 


'o a e^o o ao o t 




•2610368 


-5-3-: -37 


•o'aT ooooot 




'2710418 


-S-iy:46i 


-oaaooooot 




•2810468 


•5-^111^ 


'o a 9 o o o o o t 




•2910518 


x-\«ov«>> 


•o 3 ooao ao t 




'3015102 


x-"v:3i^7> 


•03 1 ooooot 




'3»»5»52 


vir->3^39 


•o 3 ao o aao t 




'3215202 


\>r-4iiio4 


•o 3 3 o o o ao t 




'33 » 5252 


^jCC>o23oO 


•O 3 <♦ O O'O O O t 




'3415302 


vJ>x>67^^3 


•a3 5 ooooot 




'3515352 


\j04-.\iJ 1 3^ 


'o 3 eooooot 




'3615402 


xv-^^-20<J9 


»0'3 7 ooooot 




'3715452 


\)OiC>6337 


xyaso o o o o t 




'3815502 


\)0 1 7vH)7 1 


'0'3'9'0 O O O O t 




'3915552 


\)Ov\S.gC»oi 


>0'4'0 O O aaO t 




'4020136 


\X.v)0354« 
^n{^c>7579 


•O'^l O O O O'O t 




'4120186 


'0'4'2 O'O O O O t 




•4220236 


'O 4*3 ooooot 




'4320286 


'0A4O0'OOOt 




'4420336 


•oaaooooot 




'4520386 


i« 


>0 4 GO O'O O'O t 




•4620436 


1 


'0'4'7 O O'OO'O t 




•4720486 


1. 


*o*4 a o oooo t 




•4820536 


•0 4P ooooot 




'4920586 




'O'S O O O'O'O'O t 




'5025170 


r 


t^3i47>^^ 10 = 230258509 




3 


m;ay43f> 100 = 460517018 




,i 


7>H4»54 1000 = 6907755127 





DESCENDING BEANCH. 35 


N. Nor. 


D. Nos. 


D. Logs. 


•95003906 


'O'5'lOO'OOOt 


'5125220 


•949«Hj,03 


•0'5'2 000 00 t 


'5225270 


•94813995 


•0'5'3'00 000 t 


'5325320 


•947»9»8« 


•OSAO'O 1 


'5425370 


-94624463 


•o'S'so 00 1 


'5525420 


•94529839 


•0'5'6*0 00 t 


'5625470 


•94435310 


•©•5'7'0,0'0'0'0 t 


5725520 


•94340875 


'O'S'S'O'O'o 00 1 


'5825570 


•94246535 


'0'5'9'0'0'0'0'0 t 


5925620 


•94148015 


•O'6'O'OOO'O'O t 


'6030204 


•94053867 


'0'610'OOOOt 


[6130254 


•93959814 


'0'6'2'0'0'0'0'0 t 


'623^304 
'6330354 


•93865855 


'0'6'3'0'0'0'0'0 ^ 


•93771990 


'0'6'4'0'0'0'0'0 t 


6430404 


•93678219 


•0'6'50'00'00 ^ 


'6530454 


•93584541 


•0'6 eoo'O'oo t 


6630504 


•93490957 


»0'6'70'0'0'0'0 "^ 


'6730554 


•93397467 


'0'6'8'0'0 000 t 


'6830604 


•93304070 


'0'6'9'0 O'O'O'O t 


'6930^54 


-93206535 


'O'7'OOOOOOt 


'7035238 


•93113329 


•O'7'lO'O'O'OOt 


'7135288 


•93020216 


'0'7'200'000t 


'7235338 


1 -92927196 


'0'7'3'0'0 000 t 


'7335388 


1 -92834269 


'0'7'4'00'0'00 t 


'7435438 


1 92741435 


'©•7'5'0'00'0'0 t 


'7535488 


1 -92648694 


•0'7'6'0'0'00'0t 


'7635538 


1 -92556046 


'0'7'700'000 t 


'7735588 


! 92463490 


'0'7'8'0000'0 t 


'7835638 


; -92371027 


'0*7'90'00 0'0t 


'7935688 


! 92274470 


'O'8'O'O'O'O'O t 


'8040272 


1 -92182196 


'O'8'l'O'OO'O'Ot 


'8140322 


j -92090014 


'0'8'20000'0 t 


'8240372 


•91997924 


•oaaoo'o 00 1 


'8340422 


•91905927 


'O'8'AO'OO 00 t 


'8440472 I 


•91814022 


'0'8'5'00'0'0'0 t 


'8540522 


•91722208 


•0'8'6'0 000 t 


'8640572 


•91630486 


•0'8'70'0000 t 


'8740622 


•91538856 


'0'8'8000'0'0 t 


'8840672 


•91447318 


•0'8'90'0'00'0 t 


'8940722 . 


•91351725 


'O'9'O'O'O'O'OO t 


'9045306 1 


•91260374 


'0'9 I'O' O'O'O'O t 


[9 145356 


•91169114 


'0'9'2'0'0'0 t 


'9245406 


•91077945 


'0'9'3'0'0'0 00 t 


'9345456 


-90986868 


•O'9'A'O'O 00 t 


[9445506 


•90895882 


'O 9'500 00 t 


'9545556 


•90804987 


'0'9'6'0 t 


'9645606 


\ •9'»7i4i83 


•0 9'7'0 000 t 


'9745656 


•90623469 


'0'9 8*00 00 t 


'9845706 


1 90532846 


'0*9 9000'0 t 


'9945756 


1 90000000 


»1 0000000 t 


'10536052 



2 = 

4 = 
8 = 



69314718 
138629436 
207944154 



10 = 

lOO: 
1 000 : 



=230258509 
=460517018 
=690775527 



3G 



j^ESCBNDING BRANCH. 



N. No8. 


D. No4. 


D. Logs, 


•89910000 


10 rooooo t 


1063610a 


•89820090 


•l'O'2'O'O'O'O'O t 


10736152 


•89730270 


'lO'SOOO'OO t 


1083630a 


•89640540 


'lO'4'O'O'O'O'Ot 


10936252 


•89550900 


'l'O'5'O'O'O'O'Ot 


1103630a 


•89461350 


'l'O'6'O'O'O'O'O t 


1113635a 


•89371889 


'lO'7'O'O'OO'Ot 


1123640a 


•892825 i« 


•rasooooot 


11336452 


•89193235 


'IO'9'O'O'O'O'O t 


11436502 


•89100000 


•1'1'OOOO'O'Ot 


11541086 


•89010900 


•riiO'O'O'oot 


11641136 


•88921890 


•ll'fl'O'OOOOt 


11741186 


•88832969 


'I'l'SOOOOOt 


11841236 


•88744137 


•ri'^O'O'O'O'ot 


11941286 


•88655393 


•1'1'5'O'OO'OOt 


12041336 


•88566738 


'11 'eooo'oo t 


'12141386 


•88478172 


•I'l '7'00000 t 


'12241436 


•88389694 


'l'l'8'O'OO'OO'' 


12341486 


•88301305 


•ll'90000'0'f 


'12441536 


•88209000 


*1'2'0'0'0'0'0'0 ^ 


'12546120 


•88120791 


I'fll ooooo t 


'12646170 


•88032671 


•ia'2'O'O'Ooot 


12746220 


•87944639 


•1'2 3 00 000 ^ 


'12846270 


•87855695 


'1'2'4'0'0'0'0'0 ^ 


'12946320 


•87767840 


•la 5 00 000 1 


13046370 


•87680073 


•laeooooot 


13146420 


•87592393 


•ra 7 ooo '^ 


13246470 


•87504801 


'1'2 8 O'O'O'O t 


1 3346520 


•87417297 


•1'2 90 O'OOO t 


13446570 


•87326910 


'1'300'0000 t 


13551154 


"87239584 


•1'31 ooooo t 


13651204 


•87152345 


'l'3'2 00'00t 


'1375 "254 


•87065193 


'1-3 3 ooooo t 


13851304 


•86978128 


'13 A ooooo t 


13951354 


•86891150 


'13 50 O'O'O'O t 


14051404 


•86804259 


'1'3'6 O'O'O'O t 


14151454 


•86717455 


'137 ooooo t 


14251504 


•86630738 


•l'3 8 0'00 0t 


14351554 


•86544108 


'l'3 90 0'0t 


14451604 


•86453641 


'I'AOOOO'OOt 


14556188 


•86367188 


'I'Al ooooo t 


14656238 


•86280821 


•lA2 0000t 


14756288 


•86194541 


•l'A3 0'0 000t 


14856338 


•86108347 


•I'A AO t 


14956388 


•86022239 


'I'A S'OO 00 t 


15056438 


•85936217 


•1 Aeooooot 


15156488 


•85850281 


•l'A7'00'000t 


15256538 


•85764431 


•1'4'8'0 000 t 


15356588 


•85678667 


'I'A 9 O'O'O'O t 


15456638 


•85589105 


'1'5'O'OOO'OOt 


15561222 


2= 6 


9314718 10=230258509 




4=13 


8629436 100=460517018 




8 = 20 


7944154 1000=690775527 





DESCENDINQ BEANCH. 
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N.Nos. 


D. Nos. 


D. Logs. 


•85503516 


'I'SlO'OO'OOt 


'15661272 


•854 1 Bo » 3 


'1'5'2 O'O'O'O t 


'15761322 


•85332595 


•1'5'3'0'0'0'0'0 t 


'15861372 


•85247262 


•l'5-40'000'0 t 


'15961422 


•85162015 


•I'S'S'OOO o*o t 


'16061472 


•65076853 


'1'5'6'0'0'0'0'0 t 


'16161522 


•«499i777 


'1'5 7'0.000'0 t 


'16261572 


•84906786 


•I'S'S'oo'o 00 1 


'16361622 


•84821880 


*1'5'9'0'0 00 t 


'16461672 


•84733214 


•l'6'O 00 00 t 


'16566256 


•84646481 


•1 61 000 00 t 


'16666306 


•84561835 


•1'6'fl'O t 


'16766356 


< -84477271 


•l'6 30 00 0t 


'16866406 


^84392794 


*1'6'4'0'0'0'0'0 t 


'16966456 


•84308402 


*1*6'500*0 00 t 


'17066506 


•84224094 


'1'6 6 O'O'O'O'O t 


•17166556 


'84139870 


'1'6 7 O'O'O'O'O t 


'17266606 


1 '84055731 


'1'6'8'0 O'O'O'O t 


'17366656 


! 83971676 


'1 6 9 O'O'O'OO t 


'17466706 


•83885882 


•1'7'OOO'OO'Ot 


'17571290 


•83801997 


•1'7 1'OO'O'OOt 


'17671340 


•83718196 


•17 20 0'0'0'0t 


'17771390 


•83634478 


•1'7'3'0 00 t 


'17871440 


i 83550844 


•IT'-^'OOOO'Ot 


'17971490 


' -83467294 


>l'7'5-0'0 O'O'O t 


'18071540 


'83383«27 


•ireooooot 


'18171590 


•83300444 


'1'7'7'OOOOOt 


'18271640 


•83217144 


•1'7'8 00 00 t 


'18371690 


•83133927 


'r7'9'0'00 00t 


'18471740 


•83047022 


'I'S'oo 000 1 


'18576324 


•82963975 


•i'8 ro' O'O'O'O t 


'18676374 


•82881012 


•18'flO O'O'O'O t 


'18776424 


•82798131 


'1'8'3'0000'0 t 


'18876474 


•827»5333 


•18^4 00 0'0t 


'18976524 


•82632618 


•1'8 5'OO'OOOt 


'19076574 


' -82549986 


'l'8 6 000 0t 


'19176624 


•82467435 


•18 7 00000t 


'19276674 


•82384968 


*l'8 8 0'0 00 0t 


'19376724 


'82302583 


*l'8'9'OOOOOt 


'l^m7^774 


'82216552 


I'QOOO'OO'Ot 


' I n.".*' 1 nf>'^' 


•82134336 


•1'9100'OOOt 


■'(j.jt>ai4o8 


'8205220a 


•i9'a'oo'ooot 


'ici78i4&e 


•81970150 


•l'9 3 00 000t 


* 1988 1508 


•81888180 


'1*9 .^O'O'O t 


'it|ti8i55B 


•81806292 


•19'5'OOOOOt 


aoo8i6o8 


•81724486 


1 9'60'0 00 t 


'20181658 


•81642762 


19 700 coot 


'20281708 


•81561120 


'1 9 SO coot 


'20381758 


•81479559 


•1'9'9'0'0'00'0 t 


'20481808 


•81000000 


•2 00'000'0 0t 


'21072103 


«= 6 


93»47»8 10=23 


J258509 ' 


4=13 


B629436 100 = 46 


0517018 


8-30 


7944 » 54 1000=69 


5775527 



3S 



DESCENDING BRANCH. 



N. Nos. 


D. Nob. 


D. Logs. 


•80919000 


•flOlO'O'OOOt 


'ai 172153 


•80838081 


•fl'O'2'O'O'OO'O t 


'21272203 


•80757243 


•flO'3'O'O'O'O'O t 


•21372253 


•80676486 


*fl'0'4'0'0'0'0'0 t 


'21472303 


•80595810 


'fl'O'5'O'O'O'O'O t 


•a > 572353' 


•80515215 


'fl'O'6'O'O'O'O'O t 


'21672403' 


•80434700 


*20'70'0000 ^ 


•21772453 


•80354366 


•ao'SO'oo'O'ot 


'21872503 


•80274012 


'a'O'9'O'O'O'O'o t 


'21972553 


•80190000 


•2 1 'OOOOOO t 


'22077137 


•80109810 


'2'1'1'OO'OOOt 


'22177187 


•80029701 


'2'1'2'O'O'O'O'O't' 


•22277237 


•7994967* 


'fl'l'30'O'O'O'Ot 


'22377287 


•79869722 


'21'4.'0'0'0'0'0t 


'22477337 


•79789853 


'2l-5000'0'0t 


•22577387 


•79710064 


>2'l'6'0'0'0'0'0'^ 


'22677437 


•79630354 


'2'1'7'O'O'O'O'O't' 


'22777487 


•79550724 


•21'8'OOOOO'f 


'22877537 


•79471 »74 


•2'1'900'000'>' 


'22977587 


•79388100 


'2'2'O'O'O'O'O'O't' 


'23082171 


•79308712 


»2'2'i 'OOOOO ^ 


'23182221 


•79229404 


•2'2'200'000^ 


'23282271 


•79200175 


'2'2'3'0'0'000^ 


'2338232 1 


•79 '20975 


'2'2'4'0'0'0'0'0 ^ 


•2348237 r 


•79041855 


'2'2'5'0'0'0'0'0 t 


'23582421 


•7B962814 


'2'2'6'O'O'O'O'Ot 


'2368247 r 


•7B883852 


•2 2 7 OOOOO t 


'23782521 


•78804969 


'2'2 8 OOOOO t 


'23882571 


•78726165 


'2'2'9'O'O'O'O'Ot 


'2398262 1 


•7B094219 


'2-3'0'0'0 000 t 


'24087205 


•785 15625 


*2*31 OOOOO t 


'24187255 


•78437110 


'2 3-20 0000 t 


'24287305- 


•78358673 


'2 3'3'0'0'0'0'0 t 


'24387355 


•78280315 


'2 3'4'0'0'0'0'0 t 


'24487405 


•78202035 


'2 3'5'0'0'0 00 t 


'24587455 


•78123833 


'2 3'6 0'0'0'0'0t 


'24687505- 


•78045710 


'2'3'70 OOOO t 


'24787555' 


•77967665 


'2 3'8 O'O'O'O t 


•24887605 


•77889698 


'2'3900000t 


'24987655 


•7780B277 


'2'4'0 O'O'O'O t 


•25092239 


•77730469 


•2'A'l'OOOOO t 


'25192289 


•77652739 


'24200000 t 


'25292339 


•77575087 


'2'A 3 t 


'25392389 


•77497512 


'2 4 4 t 


•25492439 


•77420015 


'2 A 5 00 t 


•25592489 


•77342595 


'2 4 6 t 


'25692539 


•77265253 


'2 47 O'O'O'O t 


'25792589 


•77187988 


2 A 8 OOOOO t 


•25892639 


•771 10801 


'2A9 0000 t 


•25092689 


■77030194 


'2'5 OOOOOt 


'26097273 


2= 6 


y3i47'8 10 = 2302 


58509 


4=13 


3629436 100 = 4605 


,17018 


8 = 20 


7944154 1000 = 6907 


75527 



DESCENDINa BRANCH. 
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•N. Nos. 


D. N08. 


D. Logs. :| 


•76953 "64 


•as ro'O'ooot 


»26 197323 


76876211 


*2'5'2 00 1 


'26297373 


•76799335 


'2 5'3'OO'O'OOt 


'26397423 


•7672^536 


'2'5'4'0'0 000 t 


»26497473 


•76645HI4 


'2'5'5 000'00t 


'26597523 1 


•76569169 


'2'5'6'OO'O'O'Ot 


'26697573 ' 


•76492600 


'2'5'70,0'00'0 t 


'26797623 


•76416108 


'2'5'8000 00 t 


'26897673 ' 


•7634969« 


'2*5*90'0 000 t 


'26997723 


i -76259892 


'2'6 O'OOOO t 


'27102307 i 


•76183633 


'2 eiOO'OO'O t 


'27202357 • 


•76106450 


•2'6'2'OOOOOt 


'27302407 1 


•76030344 


•2'6'3 00 00 t 


'27402457 1 


■7o9543»4 


'2 6'4'0'0 ao'o t 


'27502507 


, •7587B350 


'2 6'5'0'0'0'0'0 t 


•27602557 


•75^02462 


'2'6 6 OOOO t 


'27702607 1 


'75726650 


•2 6 700000 t 


'27802657 


■75650914 


'2 6'8'0'0'0'0 t 


'27902707 


j 75575254 


'2'6900 0'0'0 t 


'28002757 


•75497293 


•2 7'0'0'00 O'O t 


'28107341 


•75421796 


•2 7 100000 t 


'28207391 


■75346374 


•2 7'2 O'O'O'O t 


'28307441 


•75271028 


•2'7'3'0'0 000 t 


'28407491 


'75195757 


'2 7* A' 00 000 t 


'28507541 i 


-75 » 20561 


'2 rS'O'O'OOO t 


•28607591 


■75045-14 » 


'2 7'6'O'O'OO'Ot 


'28707641 :, 


'74970396 


*2 7'7'0'0'0'0'0 t 


'28807691 


1 •74H95426 


•2'7*8000'0'0 t 


'28907741 


j '74820531 


'2'7'9'000 00 t 


'29007791 ' 


•74742320 


•2'8000'00 t 


•29112375 


•74667578 


•2'8 rooooot 


'29212425 


•74592911 


'2'8'2 O'O'O'O'O t 


'293*2475 


•74518318 


'2'8'3'0'0'0-0 t 


'29412525 ' 


•74443800 


'2'8'4'0'0'0'0'0 t 


'29512575 


74369356 


•2'8'5'0'00'0'0 t 


'29612625 


74294987 


'2'8'6 000 t 


•29712675 


•742-20692 


'2'8 7'OOO'OOt 


'29812725 


74146471 


•2 8'8 000 t 


'29912775 i 


74072325 


•2 8'9'00'00 t 


'30012825 i 


73994897 


'29000000 t 


'30117409 


•73920903 


•29 1 00000 t 


'30217459 


•73H46983 


•2 92 00 t 


'30317509 


73773137 


'2 9 3 00 t 


'30417559 


73699364 


•2 9A OOOO t 


'30517609 


73625665 


•2 9 50 OOOO t 


'30617659 


73552040 


•2 9 6000 0'0t 


'30717709 ! 


•73478488 


'2 9'7 000 t 


'30817759 


73405010 


•29 8 00000 t 


'30917809 


•73331605 


'2 9 9 O'OOOO t 


'31017859 


•72900000 


'30000000 t 


'31608155 


2= 6 


9314718 10 = 23( 


5258509 


4=13 


8629436 loo = 46( 


D517018 


8=»20 


7944154 1000 =69( 


5775527 



40 



DESCENDINa BRANCH. 



N. Noi. 


D. N08. 


D. Log8. 

■ 


73827100 


'S'o ro'oao'o t 


'31708305 


72754a73 


'3'oaooo'O'o t 


'31808355 1 


•73681629 


•3'O'S'O'O'O'O'O t 


'31908305 


73608847 


'3>0'4'0'0'0'0'0 t 


'33008355 


72536338 


'3'O'a'O'O'O'O'o t 


'33108405 


73463703 


'S'O'6'O'O'O'O'O t 


•33308455 


7«39»«38 


•SO'7'O'O'O'O'O t 


'33308505 


72318847 


'3'0'8'0'0'0'0'0 t 


•33408555 


73346538 


'S'O'9'O'O'O'O'O t 


•33508605 


73171000 


'S'l'O'O'O'O'O'Ot 


'33613189 


73098839 


•S'I'I'O'O'OOOt 


'32713239 


72036731 


•S'l'flO'O'O'O'Ot 


'33813389 


•7»954706 


'S'l'3'OO'OOOt 


'33913339 


71883751 


•3'l'4.'0'0'0'0'0t 


•33013389 


71810869 


•3'1'a'o'O'O'O'ot 


'33H3439 


•71739059 


•31'600'00'0t 


•33213489 


71667330 


'3*1 T'oaooo t 


•33313539 


•71595653 


'3'1'8'O'O'O'O'Ot 


'33413589 


•71524057 


*3'l'9'0'0'0'0'0t 


'33513639 


71449390 


'3'fl'O'O'O'O'O'O t 


•33618233 


•71377841 


'3'fll'O'O'O'O'Ot 


•33718373 


71306464 


'3'fl'fl'O'O'O'O'O t 


'33818333 


•71235158 


'3'fl'3'0'0'0'0'0 t 


'33918373 


71163933 


'3'fl'4'0'0'0'0'0 t 


'34018433 


71093760 


'3'fl'5'0'0'0'0'0 t 


•34118473 


71031668 


'3'fl'6'0'0'0'0'0 t 


•34218533 


•70950647 


•3fl'7'0'00'0'0t 


'34318573 


70879697 


'3'2'8'0'0'0'0'0 t 


•34418633 


70808818 


'3'fl'9'0'0'0'0'0 t 


'34518673 


•70734797 


'3'3'0'0'0'0'0'0 t 


•34623357 


70664063 


•3'3'1 'OOOOO t 


'34723307 


•70593399 


'3'3'fl'O'O'O'O'O t 


'34823357 


70523806 


•3'3'3'0'0'0'0'0 t 


'34923407 


70453384 


'3'3'4'0'0'0'0'0 t 


'35023457 


70381832 


•3'3'5'0'0'0'0'0 t 


'35123507 


•70311451 


'3'3'6'O'O'O'O'Ot 


'35223557 


70341140 


•3'3'7'00 000 t 


•35323607 


•70170899 


'3'3'8'0 O'O'O'O t 


'35423657 


70100739 


'3'3'9'0'0'0'0'0 t 


'35523707 


70037449 


'3'4-0'0'0'0'0'0 t 


•35638391 


•69957422 


•3'4'1'O'OOOOt 


•35728341 


•69887465 


'3'4'fl'O'O'O'O'O t 


'35828391 


•69817578 


'3'4'3'0'0'0'0'0 t 


•35938441 


•69747761 


'3'4'4'0'0'0'0'0 t 


'36038491 


•69678014 


•3'-4'5'0000'0 t 


•36128541 


•69608336 


'3'4'6'0'0'0'0 t 


•36338591 


•69538728 


'3 4'7'o O'O'O'O t 


'36338641 


•69469190 


•3'4'8'0'0'0'0'0 t 


'36438691 


•69399721 


'3'4'9'0 O'O'O'O t 


•36538741 


•69327175 


'3'5'0'0'0'0 00 t 


'36633325 


'^- 6 


9314718 10 = 330*] 


58509 


4=*i3 


8639436 1 00 « 4605 


»i70i8 


8== 30 


7944154 1000 = 6907 


75527 



DESCENDING BRANCH. 
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N. Nos. 


D. Nos. 


D. LogR. 


•69257848 


'3'5'1'OOOOOt 


'36733375 


•69188591 


•3'5'2 00 00 t 


'36833425 


•69119403 


•3'530 000 0t 


'36933475 


•69050284 


'3'5'400 OO'O t 


'37033525 


•68981234 


•3'5'50000'0 t 


'37133575 


•68912253 


•3'5'6'0'0'0 00 t 


'37233625- 


•68842341 


•3'5'7'0,0'0'0'0 t 


'37333675 


•68773499 


•3'5'80 t 


'37433725 


•68704726 


•3'5'9'O'OOOOt 


'37533776 


•68633902 


•3'600 0'0 0t 


'37638359 


•68565269 


'3'6 1'OOOOOt 


'37738409 


•68496704 


•3'6'aOOO'OOt 


'37838459 


•68428208 


'3'6 30 00 t 


'37938509 


•68359780 


'3'6'4'0'0'0'0 t 


'38038559 


•68291421 


'3'6'500'00 t 


»38 138609 


•68223130 


'36 eO'O'O 1 


'382386519 


•68154907 


*3*670 00t 


'38338709 


•68086753 


*3'6'8'0'0 t 


'38438759 


•68018667 


•3 6 900 00 t 


'38538809 


•67947563 


•3 70'0'00 00 t 


'38643393 


•67879616 


'3'7'1'OOOO'Ot 


'38743443 


•67811737 


•37aOOO'OOt 


'38843493 


•677439'»6 


•3 7'3'0 t 


'38943543 


•6767(^83 


'37-400 000 t 


'39043593 


•67608507 


3 75 00 000 t 


'39*43643 


•67540899 


376 00000 t 


'3924369a 


•67473359 


3 77000 00 t 


'39343743 


•67405986 


•3'7'8'O'O0OO t 


'39443793 


•67338581 


'3'7'9OO0O'O t 


'39543843 


•67268087 


•3'8'0'0000 t 


'39648427 


•67200819 


•3'8 rO'O'O'OO t 


'39748477 


•67133619 


'3'8'2'0'0'0'0 t 


'39848527 


•67066486 


•3'8'3'0'O'OOO t 


'39948577 


•66999420 


'3'8-4'0'0'0'00 t 


'40048627 


•66932421 


•3'8'50'0000 t 


'40148677 


•66865489 


'3'8'e'O'O'O'O'O t 


'40248727 


•66798624 


'3'8'7'0'OO'O'Ot 


'40348777 


•66731826 


•3'8'8Q'0QO'O t 


'40448827 


•66665095 


»3Q'9'0'00 00 t 


'40548877 


•66595406 


•3'90'0000'0 t 


'40653461 


•66528811 


•3'9'VOO'OOOt 


'40753511 


•66462283 


'3'9'a'oo'o 00 1 


'40853561 


•66395821 


'^•9'300'0 t 


'40953611 


•66329426 


*3'9A'0 t 


'41053661 


•66263197 


•3'9'500 00 t 


'41153711 


•66196934 


•3 9*6 OOO'OO ^ 


'41253761 


•66130738 


'3 9'7'O'O'OOOt 


'41353811 


•66064608 


'3 9 8'OOQ 00 t 


'41453861 


•65998544 


'3 99000 t 


'41553911 


•65610000 


•4000 000 t 


'42144206 



a^ 69314718 10=230258509 
4 =t 1 38629436 1 00 = 4605 1 70 1 8 
8=207944154 1000 = 690775527 



TABLE II. 

DESCENDING BRANCH 

OF 

DUAL ARITHMETIC. 

DUAL NUMBEES AND DUAL 
LOGARITHMS, 

WITH 

CORRESPONDING NATURAL NUMBERS. 



TABLE II. 

DESCENDING BRANCH 

or 

DUAL ARITHMETIC. 

DUAL NUMBERS AND BVAh 
LOGARITHM 



,0673 

J 40712 3 

.O453of> 

;sr>45.>6f^ 

9<)4ii6o<i 

984570^ 
'994575^^ 

= 4^0517018 
o^69a77&5ft7 
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TABLE 11. 




N. No8. 


D. Nob. 


D. Logs. 


•99900000 


'O'O'l'O'OO'O'Ot 


'100050 


•99800100 


•ooao 000 1 


*200lOO 


•99700300 


'O'O'3'O'O'O'O'O t 


'300150 


•99600600 


•0 O'AOO 1 


'400200 


•99500999 


•0'0'50'0 t 


'500250 


•99401498 


•00'6 OO'OOO t 


'600300 


•99302097 


•O'O'7'O'OOOO t 


'700350 


•99202795 


•O'O'8'OOOO'O t 


'800400 


•99103592 


*0-0'9'0-0'0'0'0 t 


'900450 


•99000000 


•O'l'OOO'OO'Ot 


'1005034 


•98901000 


•Ol'lOOOO'Ot 


'1105084 


•98802099 


•oiaooooot 


'1205134 


•98703297 


•O'l'300'000t 


'1305180 


•98604594 


•O'l'A'O'OOOOt 


'1405230 


•98505989 


'Ol'5'OOOOOt 


'1505280 


•98407483 


•01 'C'OO'OO'O t 


'1605330 


•98309076 


»01 '7'0'0000 t 


'1705380 


•98210767 


•01'80'OOOOt 


'1805430 


•98112556 


•01 'S'OOOO'O t 


'1905480 


•98010000 


•oaoo'oooo t 


'2010068 


•87911990 


•oai'o'oooot 


'2110118 


•87824078 


•oaaooooo t 


'2210168 


•87736254 


•oa'3'O'oo'O'o ^ 


'2310218 


•87648518 


•oa'A'oo 000 1 


'2410268 


•87560870 


/oa'5'ooo'O'o t 


^J5l03l8 


•87473310 


•oa'6'ooooo t 


'2610368 


•87385837 


'©•aTO'oooot 


'2710418 


•87298452 


•oa so'oooo t 


'2810468 


•87211154 


•oa'9'oo'oo'o t 


'2910518 


•97029900 


•O'3'O'O'OOO'O t 


'3015102 


•96932871 


•0'31 'OOOOO t 


'3115152 


•96835939 


'O'saooooo t 


'3215202 


•96749104 


•0'3'3 00 00 t 


•3315252 


•96652355 


•0'3'4.'0'0000 t 


'3415302 


•96555703 


•0'3'500000 t 


'3515352 


•96459158 


•03'6 OO'OOO t 


'3615402 


•96362699 


•0'3'7'00 00 t 


'3715452 


•96266337 


•0'3'8'0 00 00 1 


'3815502 


•96170071 


•0'3'9'0 00 t 


'3915552 


•96059601 


'O'AO'O'O'O'O'O t 


'4020136 


•95963542 


•O'A'l'O'OOO'Ot 


'4120186 


•95867579 


»0'4.'2 00 00 t 


•4220236 


•9577171a 


•0'4.'300'000 t 


'4320286 


•95675941 


'0'4>'4>'0'0'0'0 t 


'4420336 


•95580266 


•O'A'SO'OO'O'O t 


'4520386 


•95484686 


•0'4.'60'00 00 t 


•4620436 


•95389202 


•0'4.'7'00'000 t 


'4720486 


•95293813 


»0'4.'80 OOOO t 


'4820536 


•95198523 


'0'4.'90 O'OOO t 


'4920586 


•95099006 


'O'SO oooo t 


'5025170 


2= C 


9314718 10 = 230J 


58509 


4=13 


8629436 ioo=46o« 


,17018 


8 = 20 


7944154 1000=6907 


75527 



DESCENDING BEANCH. 35 


N. Nor. 


D. N08. 


D. Logs. 


•95003906 


'O'5'roo'O'O'ot 


'5125220 


•94908^,03 


•o'sa 000 00 1 


'5225270 


•94813995 


•0'5'3'0'0 000 t 


'5325320 


•94719182 


'O'S'Aoo 00 1 


'5425370 


•94624463 


•o'S'S'O 00 1 


'5525420 


•94529839 


•0'5'6'0 00 t 


'5625470 


•94435310 


•0'5'70,0'00'0 t 


'5725520 


•94340875 


'O's'sooo 00 1 


'5825570 


•94246535 


'0'5'9000'0'0 t 


'5925620 


•94148015 


'0'60'0'00'0'0 t 


^6030204 


•94053867 


'O'6'ro'ooo'ot 


[6130254 


•93959814 


•0'6'2'0'0'0'0'0 ^ 


'62^304 


•93865855 


•0'6'3'00'000 t 


'6330354 


•93771990 


'0*6'4.'000'0'0 t 


6430404 


•93678219 


•0'6'50'00'0'0 ^ 


6530454 


•93584541 


•o'6 eooooo t 


6630504 


•93490957 


•0'6'70'0'000 t 


'6730554 


•93397467 


•0'6'8'0'0000 I' 


'6830604 


•93304070 


'0'6'900'00'0 t 


'6930^54 


•93206535 


'0*70'0'0 0'0t 


'7035238 


•93113329 


'O'7 1'O'O'OO'Ot 


'7135288 


•93020216 


'0'7'2'0'0'00'0t 


'7235338 


•92927196 


•0'7'3'00 000 t 


'7335388 


•92834269 


'0'7'4.000'00 t 


'7435438 


•92741435 


'0'7'5'00'00'0 t 


'7535488 


•92648694 


'0'7'6'0'0'0'0'0t 


'7635538 


•92556046 


•0'7'700000 t 


'7735588 


•92463490 


•0'7'800'00'0 t 


'7835638 


•92371027 


'0'7'90'00 0'0t 


'7935688 


•92274470 


•O'8'OOOOOOt 


'8040272 


•92182196 


•O'8 1'O'O'O'O'Ot 


'8140322 


•92090014 


•0'8'20'0 000 t 


'8240372 


•91997924 


•08'3'0'00 00 t 


'8340422 ' 


•91905927 


*0'8'4.'0'0'0'0'0 t 


'8440472 


•91814022 


•0'8'5'00'0'0'0 t 


'8540522 


•91722208 


•0'8'6'0000'0 t 


'8640572 


•91630486 


'0'8'7'0'0'00'0 t 


'8740622 


•91538856 


'0'8'80'0'0'0'0 t 


'8840672 


•91447318 


•0'8'9'0'0'00'0 t 


'8940722 


•91351725 


'O'9'O'O'O'OO'O t 


'9045306 


•91260374 


'O'9'roo'oo'ot 


'9145356 


•91169114 


•0'9'2000'00 t 


'9245406 


91077945 


•0'9'3'0'0'0 00 t 


'9345456 


•90986868 


•0'9'4'00 00 t 


'9445506 


•90895882 


•0 9'500 O'OO t 


'9545556 


•90804987 


•0'9'60'0'0 00 I' 


'9645606 


•90714183 


*0 9'7'0 000 t 


'9745656 


•90623469 


'0'9 800 00 t 


'9845706 


•90532846 


•0'9'900'0'0'0 t 


'9945756 


•90000000 


'1 0000000 t 


10536052 



2 = 

4= 
8 = 



69314718 
138629436 
=207944154 



10 

1 00 = 
1000 = 



230258509 
460517018 
690775527 



3C 



jjescending branch. 



N. Nob. 


D. No*. 


D. Logs. 


•89910000 


10 ro'O'O'oo t 


10636102 


•89820090 


•loaooooo t 


10736152 


•89730270 


'1'0'300000 t 


1083620a 


•89640540 


•lO'A'OO'OOO t 


10936252 


•89550900 


•10'5000'0'0 t 


1103630a 


•89461350 


'IO'6'O'O'O'O'O t 


'11136352 


•89371889 


'l'O'7'O'O'O'O'O t 


'11236402 


•89282518 


'l'O'8'O'O'O'O'O t 


'11336452 


•89193235 


•IO'9'O'OOOO t 


'1143650a 


•89100000 


•llO'OOO'OOt 


'11541086 


•89010900 


•11'1'O'OOOOt 


'11641136 


•88921890 


•ll'flO'OO'OOt 


'11741186 


•88832969 


•ri'30o'ooot 


'11841236 


•88744137 


•11'4.0000'Ot 


'11941286 


•88655393 


•ri'5'ooooot 


'12041336 


•88566738 


'11 'COOOOO t 


'12141386 


•88478172 


•ri'7'ooooot 


'12241436 


•88389694 


•ri'sooooot 


'12341486 


•88301305 


•11 'SOOO'OO t 


'12441536 


•88209000 


•laoooooo t 


'12546120 


•88120791 


•laioo'ooot 


'12646170 


•88032671 


•laaoo'ooo'^ 


'12746220 


•87944639 


'1-2 3 00 000 I 


'12846270 


•87855695 


'12 4 00 000 ^ 


'12946320 


•87767840 


12 5 00 0*00 t 


'13046370 


•87680073 


'12 6 00 000 t 


•13146420 


•87592393 


•i'a'7 o'oo'o "^ 


'13246470 


•87504801 


>1'2 8 O'O'O'O t 


'13346520 


•87417297 


'la 9 ooo'o t 


'13446570 


•87326910 


•l'3'O'O'OO'OO t 


'13551 "54 


•87239584 


'I'Sl'OOOO'Ot 


'13651204 


•87152345 


'l'3'2 0'0'00t 


'1 375 « 254 


•87065193 


•1'3 3 O'O'O'O t 


'13851304 


•86978128 


•1'3 4 OO'OO t 


'13951354 


•86891150 


'l'3 5 00 0'0t 


•14051404 


•86804259 


'l'3'6 0'000t 


'14151454 


•86717455 


'13 70 000'0t 


•14251504 


•86630738 


•l'3 8 000 0t 


'14351554 


•86544108 


'l'3 9 0'000t 


•14451604 


•86453641 


I'AOOOOOOt 


'14556188 


•86367188 


•1'4 1'OO'O'OOt 


•14656238 


•86280821 


• 'lAaooooot 


•14756288 


•86194541 


'1\4'300 00 t 


'14856338 


•86108347 


•1'4.\40 t 


'14956388 


•86022239 


•1-4 50 00 t 


'15056438 


•85936217 


'l\4 6oo°^^^ 


•15156488 


•85850281 


•1'4 7'O'O'OOOt 


'15256538 


•85764431 


'1'4'8'0 000 t 


'15356588 


•85678667 


'1'4'90 000 t 


'15456638 


•85589105 


•r5'0'o oo'oo t 


'15561222 


2= 6 


9314718 10=230258509 




4=13 


8629436 100=460517018 




8 = 20 


7944154 1000=690775527 





DESCENDINa BRANCH. 
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N. Nos. 


D. Nos. 


D. Logs. 


•85503516 


TS'lO'OO'O'Ot 


1566127a 


•e54i«oi3 


'1'5'aooooot 


15761322 


•85332595 


•l'5'300000t 


15861372 


•8524726a 


•1'5'4.'0'0'0'0'0 t 


15961422 


•65162015 


•1'5'5'O'OO'OOt 


16061472 


•85076853 


'1'5'6'0'0'0'0'0 t 


16161522 


-84991777 


'1*5 7'0,0000 t 


16261572 


•84906786 


•I'S'SO'oo 00 1 


16361622 


•84821880 


•1'5'9'00 00 t 


16461672 


•84733214 


'rao 00 00 1 


16566256 


•84646481 


•l'610'0 0'0t 


16666306 


i -84561835 


'I'aao 1 


16766356 


i -84477271 


•1'6'3'0 t 


16866406 


^4392794 


'1'6'4.'00000 t 


16966456 


•84308402 


•l'65000 00t 


'17066506 


•84224094 


•16 6 00'0'00t 


'17166556 


'84139870 


•1'6 70'0000 t 


17266606 


-84055731 


'1'6'8'0'0'0'0'0 t 


'17366656 


•83971676 


'16 9 0*0'000t 


17466706 


•fi3H85882 


•17000 ooot 


17571290 


•83801997 


•1'7 1'OOCOOt 


17671340 


83718196 


•i7aoooo'ot 


17771390 


-8363-1478 


•1'7'3 t 


'17871440 


: 83550844 


•17'4.0 0'00t 


'17971490 


' -83467294 


•1'7'5'OOOO'Ot 


18071540 


-83383827 


•17'6 000t 


'18171590 


•83300444 


•l'7'70 0'0t 


18271640 


•83217144 


'1'7'80 00 00 t 


18371690 


-83133927 


'1'7'9'O'O'OO'Ot 


18471740 


•83047022 


'1'8'O'OO'O'OOt 


18576324 


•82963975 


•rsrooooot 


18676374 


^2881012 


'1 82 O'O'O'O t 


18776424 


•82798131 


•1 8 aoo'oo'o t 


18876474 


•82715333 


184 00 ooot 


18976524 


•B2632618 


•l'8 500000t 


19076574 


•82549986 


'l'8 6 00'0 00t 


19176624 


•82467435 


•18 70 ooot 


19276674 


•82384968 


•1-8 8 00 ooot 


'19376724 


•82302583 


*1'8'9 t 


19476774 


^822 1655a 


•1 90 000 00 t 


'19581358 


'82134336 


•1'9 1 00000 t 


19681 408 


•8205220a 


•1 9*2 00 t 


'19781458 


•81970150 


19 3 00 ooot 


19881508 


•81888180 


'l'9'4.0000 0t 


'19981558 


•8180629a 


•1 95'0 000 t 


20081608 


'81724486 


•1 9'600 00 t 


20181658 


•81642762 


•19'70 00'0t 


20281708 


•81561120 


'19 80 000t 


20381758 


•81479559 


•19'9'00'000 t 


'20481808 


•81000000 


•2 OOOOO t 


'21072103 


a= 6 


9314718 io=a3o2585o 


9 " 


4=13 


8629436 100=46051701 


8 


8-= 20 


7944154 1000=69077552 


7 
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DESCENDINa BRANCH. 



N. Nos, 


D. Nob, 


D. Logs- 


•80919000 


'aoi'ooooot 


'aii7ai53 


•80838081 


'aoaooooo t 


'21272203 


•80757243 


•a'0'30'oo'0'o t 


•21372253 


•80676486 


'ao'AOOCo'o t 


•.21472303 


•80595810 


'a'O'5'ooooo t 


•21572353" 


•80515215 


'a'O'6'O'oooo t 


•21672403' 


•80434700 


•ao'7'O'O'O'oo ^ 


•21772453" 


•80354366 


'2'0'8'0'0'0'0'0 ^ 


•21872503 


•80274012 


'ao'sooooo t 


'21972553 


•80190000 


'2'1'O'OOOOOt 


•22077137 


•80109810 


•21'1'O'OOO'Ot 


•22177187 


•80029701 


'21 aooooo "^ 


•22277237 


•79949671 


•ai'3'O'oo'oot 


•22377287 


•79869722 


•ai'Aoco'O'ot 


'22477337 


•79789853 


'fll'5'O'O'O'O'O'^ 


'22577387 


•79710064 


*a'i'60'0'Ooo'^ 


'22677437 


•79630354 


'ai'70'O'O'O'o'^ 


•22777487 


•79550724 


'ai'S'O'O'O'O'o'^ 


•22877537 


•79471174 


•21 '900'000 "^ 


•22977587 


•79388100 


'aaoooooo'^ 


'23082171 


•79308712 


•aai 'ooooo ^ 


'23182221 


•79229404 


•a'2'ao'ooo'o'^ 


'23282271 


•79200175 


'aa'3'O'oo'ooJ 


'23382321 


•79120975 


•a'2'4.ooooo ^ 


'2348237 r 


•79041855 


'2'2'500'0'00 t 


'23582421 


•78962814 


'2'2'6'0'00'0'0 t 


'2368247 r 


•78883852 


'2 2 7 OOOOO t 


'23782521 


•78804969 


'2'2'8 OOOOO t 


'23882571 


•78726165 


'2'2'9'O'O'O'O'Ot 


'23982621 


•78594219 


•2'3'0'0'00'00 t 


'24087205 


•785 15625 


•2'31 OOOOO t 


'24187255 


•78437110 


'2 3'2 OOOOO t 


'24287305' 


•78358673 


•2'3'3'00'0'00 t 


'24387355 


•78280315 


'2 3'4'0 O'O'O'O t 


'24487405 


•78202035 


'2'3'50'00'0'0 t 


'24587455 


•78123833 


•2'3'6000'00t 


'24687505- 


•78045710 


'2'3'7'0'0000 t 


'24787555' 


•77967665 


•2 38 00 t 


'24887605 


•77889698 


'2'3'900 000t 


'24987655 


•77808277 


'2'40 OOOOO t 


'25092239 


•77730469 


*2'4'1 OOOOO t 


'25192289 


•77652739 


'2^4 2 00 t 


'25292339 


•77575087 


•2^4 3 00 t 


'25392389 


•77497512 


'2^4^4 t 


'25492439 


•77420015 


•2'4 50 00 t 


•25592489 


•77342595 


'2 4 6 t 


'25692539 


•77265253 


'2 470 0000 t 


'25792589 


•77187988 


•2^4 8 OOOOO t 


'25892639 


•771 10801 • 


'2^4 9 t 


'25092689 


•77030194 


'2'5 OOOOOt 


'26. .9727 3 


2= 6 


93147«8 10 = 2302 


58509 


4=13 


8629436 100 = 4605 


17018 


8 = 20 


7944154 1000 = 6907 


75527 



. DESCENDING BRANCH. 
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.'N. Nos. 



D. Nos. 



D. Logfl. 



•76953 164 
•76876211 

•76799335 
•7672^536 
•76645814 
•76569169 
•76492600 
•76416108 

•76349692 
> 76259892 
■76183633 
•76106450 
•76030344 
'76954314 
'7587«350 
•75802462 
■75726650 
'75650914 
75575254 
•75497293 
•75421796 
•75346374 
•75271028 

'75195757 
■75120561 

75045441 
'74970396 
•74«95426 
•74820531 
•74742320 
■74667578 

74592911 
•74518318 
•74443800 

74369356 
•74294987 

74220692 

•74146471 
74072325 
'73994897 
•73920903 

•73H46983 
73773137 
'73699364 
•73625665 
73552040 
•73478488 
■73405010 
'7333' 605 
•72900000 



•2 5'10'00'0 
•2'5'200000 
'2 5'3'0'0'0'00 
•2'5'4.'00 000 
•2'5'5 O'OO'O'O 
'2'5'6'0 0'0'0'0 
'2'5'70,00'00 
•2*5'800'000 
'2'5'90'0 000 
'2'6000'000 
•2 6 1'0000'0 
•2'6'2'0 000 
'2'6'3 O 00 00 

'2 6'4'oo aoo 

'2 6'5'0000'0 
'2'6 6 O'O'OO O 
•2 6 700'0'0'0 
'2 6'8'0'0'0'0 O 
'2 6 900 000 
'2 7'0'00'0 O'O 
'2 7 1'0'0*00'0 
•2 7'2 OOO'OO 
'2'7'30'0'000 
'2 7'4'00 00'0 
•2 7'5'0'O'O'0O 
•2 7'60'0'0 0'0 
•2 7'7'00'0'00 
•2'7'8'0'000'0 
'2'7'9000 00 
•2'800000 O 
•2'8'1'0' O'O'OO 
'2'8'200'000 
>2'8'3'0'0'0'0'0 
•2'8'4.'0'00'0'0 
'2'8'5'0'0000 
'2'8'600'00 O 
'2*8 700 000 
'2'8'8'0'0'0'0'0 
•2'8'900'0 O O 
'2'90'00000 
'2'9'10'00 00 
'2 92000 00 
'2 9 3'0'0 0'0'0 
'2'9'4.'0'0'0'0'0 
•2'9'5'0'0'0'0'0 
'2 9'6 000 00 
•2 9'7'OO00'0 
•2 9 8000 00 
•2'9'9'0'000'0 
'S'O'OOOO'O'O 

■69314718 10 

» 1 38629436 1 00 

» 207944 154 1000 



'26 197323 
'26297373 
'26397423 
'26497473 
'26597523 
'26697573 
'26797623 

'26897673 
'26997723 
'27102307 
'27202357 
'27302407 

'27402457 
'27502507 
'27602557 
'27702607 
'27802657 
'27902707 
'28002757 
'28107341 
'28207391 
'28307441 
'28407491 
'28507541 
'28607591 
'28707641 
'28807691 
'28907741 
'29007791 
'29112375 

•29212425 
'29312475 
'29412525 

'29512575 
'29612625 
'29712675 
'29812725 

'29912775 
'30012825 
'30117409 
'30217459 
'30317509 
'30417559 
'30517609 
'30617659 
'30717709 

'30817759 
•30917809 

'31017859 
'31608155 



=230258509 
= 4605 17018 

=690775527 



40 



DESCENDING BRANCH. 



N.N08. 


D. N08. 


D. LogB. 


72827100 


'3*010'00'0'0t 


'31708205 1 


•72754273 


•3'O'aoooo'o t 


'31808255 ! 


•72681529 


•3'0'3'0'0'0'0'0 t 


'31908305 


72608847 


'3'0'4.0'0'000 t 


'32008355 


7«536238 


•30'50'0*000 t 


•32108405 


72463702 


'3>0'6'0'0'0'0'0t 


'32208455 


7239 »«38 


•3'0'7'0*0*0'00 t 


'32308506 


72318847 


•3'0'8'0'00'00t 


'32408555 


72246528 


•3*0'90000'0 t 


•32508605 


72171000 


•3'1'OOOOOOt 


•32613189 


72098829 


•3'1'1'OOO'O'Ot 


•32713239 


72026731 


•3'i 'a'coooo t 


•32813289 


71954705 


•3'1'3'O'O'O'OOt 


•32913339 


71882751 


•31'4.'0'0*0*00t 


'33013389 


71810869 


•3l'50'0000t 


'331*3439 


•71739059 


'3'1'6'O'O'O'O'Ot 


'33213489 


71667320 


•31 'TO'CO'O'O t 


'333*3539 


71595653 


•31'800'00'0t 


•33413589 


71524057 


•31 '©O'OO'OO t 


'33513639 


71449290 


'aao'O'O'O'O'o t 


•33618223 


•71377841 


•3fll'00'000t 


'33718273 


71306464 


•aaao'O'O'O'o t 


'33818323 


•71235158 


'3'fl'30'0'0'00t 


'33918373 


71163923 


•3'a'4.0'0000 t 


'34018423 


71092760 


•3'a*5'0'0'000 t 


•34118473 


1 71021668 


•3'a'60'0'000 t 


•34218523 


i 70950647 


•3'a'7'0'0'0'0'0t 


'34318573 


\ 70879697 


•aasoooo'o t 


•34418623 


\ 70808818 


•3a'90'0'00'0 t 


'34518673 


70734797 


•3'3'O'O'OOO'Ot 


•34623257 


70664063 


•3'3'1 'O-O'O'O'O t 


'34723307 


70593399 


'3'3'a'O-O'O'O'Ot 


'34823357 


70522806 


•3'3'3'0'0'0'0'0 t 


'34923407 


70452284 


'3'3'4.'0'0'0'0'0 t 


'35023457 


70381832 


'3'3'5'0'0'0'0'0 t 


•35123507 


70311451 


'3'3'6'0'0'0'0'0 t 


'35223557 


70241140 


•3'3'70000'0 t 


'35323607 


70170899 


'3'3'8'0'0'0'0'0 t 


'35423657 


70100729 


•3'3'9'00'00'0 t 


'35523707 


70027449 


•3'4.00000'0 t 


'3562829 1 


•«9967422 


•3'4.1'O'O'O'O'Ot 


'35728341 


'69887465 


•3'4.a'0'0'00'0 t 


'3582839' 


•69817578 


'3'4.'3'0'0'0'0'0 t 


•35928441 


'69747761 


•3'4.'4.'0'00'0'0 t 


'36028491 


•69678014 


•3'4.'5'00'00'0 t 


'36128541 


•69608336 


'3'4>'6'0'0'0'0 t 


'36228591 


•69538728 


'3 4.'70 O'OOO t 


'36328641 


•69469190 


'3'4.'8'0'0'0'0'0 t 


'36428691 


•69399721 


•3'4.'90 OO'OO t 


•36528741 


•69327175 


'3'5'0'0'0'00'0 t 


'36633325 


'^- 6 


9314718 10 = 2302 


158509 


4-13 


8629436 100 = 460' 


,17018 


8 = 20 


7944154 1000 = 690: 


75527 



DESCENDING BEANCH. 
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N.Nos. 


D. Nos. 


D. Logs. 


•69257848 


'3'5'10'000 t 


'36733375 


•69188591 


'3'5'2 00 00 t 


'36833425 


•69119403 


•3'5 30000 0t 


'36933475 


•69050284 


'3'5'4.00 000 t 


'37033525 


•68981234 


•3*5'5'00'000 t 


'37 « 33575 


•68912253 


'35«'0'00 00 t 


•37233625. 


•68842341 


•3'5'7'0,0'0'00 t 


'37333675 


•68773499 


•3'5'8'0 t 


'37433725 


•68704726 


'3'5'9'OOOOOt 


'37533775 


•68633902 


•3 600 00 t 


'37638359 


•68565269 


•3'610 0'0t 


'37738409 


•68496704 


'3'6'2*0 OOO t 


'37838459 


•68428208 


•3'6 30 00 t 


'37938509 


•68359780 


'3'6'40'00'0 t 


'38038559 


'68291421 


•3-6-5'0'0'0'0 t 


»38i386o9 


•68223130 


'3'6 6000 t 


'3823865^ 


•68154907 


'3*6 7 00 t 


'38338709 


•68086753 


'3'6'800 t 


'38438759 


•68018667 


'3 6 900 00 Ot 


'38538809 


•67947563 


•3 7'OO'OOO'Ot 


'38643393 


•67879616 


'3'7'1'OOOO'Ot 


'38743443 


•67811737 


•37 2 0000 Ot 


'38843493 


•67743926 


•3 7'30 00 t 


'38943543 


•6767(^83 


'37'40 00 0t 


'39043593 


•67608507 


37500000 t 


'39143643 


•67540899 


37 6 00000 t 


'39243693 


•67473359 


3 7 7 00 00 t 


'39343743 


•67405986 


*3'7-800'000 t 


'39443793 


•67338581 


'3'7'9'0'0'0'0'0 t 


'39543843 


•67268087 


'3'800'00'0 t 


'39648427 


•67200819 


•3'8 ro'ocoot 


'39748477 


•67133619 


•3'8'20000 t 


'39848527 


•67066486 


'3'8'3'00000 t 


'39948577 


•66999420 


'3'8'4>'0'0'0'0'0 t 


'40048627 


•66932421 


'3'8'5'00'0'00 t 


'40148677 


•66865489 


'3'8'6'00'0'0'0 t 


'40248727 


•66798624 


'3'8'7'Q'O'O'O'O t 


'40348777 


•66731826 


'3'8'8'0'0'0'O'O t 


'40448827 


•66665095 


•3Q'9'0'00 t 


'40548877 


•66595406 


•3'9'0'00'0'0 t 


'40653461 


•66528811 


•3'9'rOOO'OOt 


'40753511 


•66462283 


'3'9'2'0'00 00 t 


'40853561 


•66395821 


'9'9'3'0'0'0 t 


'40953611 


•66329426 


•3'9'4.'0 00 t 


'41053661 


•66263197 


•3'9'5'0 O'O'O t 


'41153711 


•66196934 


'3 9'6 OOO'OO ^ 


'4*253761 


•66130738 


•3 9'7'OOOO'0'^ 


'41353811 


•66064608 


•3*9 S'O'OQ 00 t 


'41453861 


•65998544 


»3 9'9 00 t 


'41553911 


•65610000 


•4.000000 ot 


'42144206 


a- 6 


9314718 10 = 23 


J258509 


4=13 


8629436 100 = 46 


0517018 


8«20 


7944154 1000 = 69 


0775527 



42 



DESCENDING- BRANCH. 



N. Nos. 


D. N08. 


D. Log». 


•65544390 


•4.0 TOO 00 '^ 


'42244256' 


•65478^46 


'4.0'200 00 t 


'42344306 


•654i33ti8 


»4.0'3'0 00 "^ 


'42444356 


•65347055 


»4.'0'4'00 "^ 


'42544406 


•65-282607 


'A'O'SOO'OO 'f 


'42644456 


•652 17325 


'4.'0'6'000 '^ 


'42744506 


•65152108 


'AO'TO'O'OOOI 


'42844556 


•65086956 


'4.'0'800 ^ 


'42944606 


•65021869 


'4. 9 000 1" 


*43044656 


•64953900 


'A'lOO'O'OOO'^ 


43 « 49240 


•64888947 


*4 110 00 00''^ 


'43249290 


•64824059 


'41*200000'^ 


'43349340 


•64759235 


\4 1'30'0 00^ 


'43449390 


•64694476 


•Al'AOOOOO^ 


'43549440 


•64629782 


-41500000^ 


'43649490 


•64565153 


'4 1600000^ 


'43749540 


•64500588 


'41 TOOOOO"^ 


'43849590 


•64436088 


'4 1800 00^ 


'43949640 


•64371652 


'4 1 '9 00 000^ 


'44049690 


•643043^ 1 


'42000000 "^ 


'44154274 


•64240057 


'4 2 1 00000 J 


'44254324 


•64175817 


•42200000^ 


'44354374 


•6411 1642 


•4 2 30 00 I 


'44^54424 


'64047531 


•4 2 4 ^ 


'44554474 1 


•639«34H4 


'4 2 5 00 ^ 


'446545*24 1 


•639 > 9501 


42600000^ 


'44754574 


•63B55682 


'427 0000^ 


•44854624 


•63791^^-^7 


•42 8 0000^ 


'44954674 


•63728036 


'4 2 9 ^ 


'450547*24 ; 


'63^6 1317 


'43 000 000 t 


'45159308 


•635^»7'>:>6 


'43 1 00000 t 


'45259358 ' 


•63534059 


43 2 00 000 t 


'45359408 


•63470525 


4 3 3 0000 t 


'45459458 


•63407055 


•4 3 4 t 


'45559508 


•63343648 


4. 35 t 


'45659558 


•63280305 


'43 60 00 0t 


'45759608 


•63217025 


•4370 0000 t 


'45859658 


•63153808 


'4 3 8 00 000 t 


'45959708 


•63090655 


'43900000 t 


'46059758 


•63024704 


'4 4 00 t 


•4616434^ 


•62961680 


•4.'4 1 t 


'46264392 


•62898719 


'4'4 2 0000 t 


'4636444a 


•62835821 


'4 4 3 t 


'46464492 ' 


•62762986 


•4440^°^^ ^ 


'4656454a 


•62700224 


»4.'4'5 "^ 


'4666459a 


•62637524 


•4.4600000t 


'4676464a ; 


•62574887 


»4 47 0'0 0'0t 


'46864692 


•62512313 


'44 8 00 000 t 


'46064742 


•62449801 


•44900 00 t 


47064792 


•62394457 


•4 50 0000 Ot 


'47169376 


2= 6 


9314718 10 = 230' 


258509 


4=13 


8629436 100 = 460 


317018 


8 = ao 


7944154 iooo = b'90 


775527 



DESCEND [Xa BRANCfH. 4;^ 


X. Nos. 


D. Nos. 


D. Logs. 


•4'5 1'O'OOO'Ot 


'47269426 


•b2it)973i 


•4 5 a 00 1 


'47369476 


1 (vi 107461 


•45 3 00000 t 


♦47469526 


•f)'2 145-254 


•4. 5'4 000 t 


'47569576 


•62oH3»o9 


•4. 5 5 00 t 


'47669626 


•62021026 


•4.*5 60 00 0t 


'47769676 


•^» 959005 


•4.'5 700 000 t 


'47869726 


•61897046 


•4'5'8 00 00 t 


'47969776 


•61835149. 


'4. 5 9 000 t 


'48069826 


•61770512 


•4. 6000000 t 


'48i744»o 


•6170874a 


4.6 10 0000 1 


'48274460 


•61647034. 


'4 6 2 t 


'48374510 


•6»5H5397. 


•4 6 3 0000 t 


'48474560 


•61523812 


•4. 6'4 t 


•48574610 


•61462289 


'4. 6 5 000 00 t 


'48674660 


61400827 


.4 6 6 0000 Ot 


'48774710 


•61339427 


•4.67 000t 


'48874760. 


•61278088 


•4 6 SO t 


'489748 1 


•61216810 


•4.'6 9 000 t 


•49074860 


•61152807 


•4.70 00 00 Of 


•49179444 


•61091655 


•4 7 1000 00 t 


•49279494 


•61030564 


472 00 000 t 


'49379544 


•60969534. 


•4 7 3 00 t 


'49479594 


•60908565 


•4 74 000 t 


'49579644 


•60847657 


•4 750000 t 


'49679694. 


•60786810 


47 6 000 00 t 


'49779744 


•60726024 


4 7'70'00 00t 


'49879794 


•60665298 


•4 7'8 O'O'O t 


'49979844 


, •60604633 


47 9 O'O'O'OOt 


'50079894 


•60541279 


4 80 00'00t 


'50184478 


•604B0738 


4 8 10 000 Of 


,•50284528 


•60420258 


•482 0000 Of 


'50384578 


•60359838 


•4 83 00'000t 


'50484628 


; -60299479 


4 84 00 000 t 


•50584678 


•60239180 


'4'8 50 OO'O'O t 


'50684728 


•60178941 


•4'8'6 O'OOO t 


'50784778 


•60118763 


•4'8 7'OOOOOt 


•50884828 


•60058645 


•4'8 800 t 


'50984878. 


•59998587 


•4*8 90' O'OOO t 


'51084928 


•59935866 


•4 9'0000 00 t 


•51189512 


•59875931 


•4'9'1'OOOOOt 


•51289562 


•59816056 


•4'9'200'0 t 


•51389612 


•59756240 


•49 300 000 t 


•51489662 


•59696484 


•4 9 4000 00 t 


•51589712 


•59636788. 


'4 9 50 O'OOO t 


'51689762 


•59577152 


•4 9 6 OOOO t 


'51789812 


•595 » 7575 


•4 9 70 O'OOO t 


'51889862 


59458058 


•4 9 8 00 000 t 


•51989912 


•59398600 


•4990 000 0t 


•52089962 


•59049000 


•5 00 00 00 t 


'52680258 


2^ 6 


9314718 10 = 23( 


5258509 


4=13 


8629436 100 = 46 


3517018 


8 = 20 


7944154 1000=^691 


J775527 



44i 



DESCENDIXG BRANCH. 



N. Noa. 


D. N08. 


D. Logs. 


•58989951 


'5'0 100000 t 


'52780308 


•5893096a 


•5 a 000 1 


'52880358 


•58872032 


•50300000 '^ 


»5298o4o8 


•58813160 


•50 4.0 00 t 


'53080458 


•58754347 


•5 0'50 00 t 


'531B0508 


•58695593 


•50 60 OOO'O t 


'53280558 


•58636898 


•507'0'0 000t 


'53380608 


•58578262 


'SO 8 OOO'O ^ 


'53480658 


•585 19784 


•50 9 00 OOO t 


'53580708 


•58458510 


•5'1'OO'OOO'Ot 


'53685292 ! 


•58400052 


•51 1 00 000 t 


'53785342 [ 


•58341652 


•51 '2 000 ^ 


'53885392 


•58283311 


1 'S'l'SOOOOOt 


'53985442 


•58215028 


•5'l'4.'OOOOOt 


'54085492 


•58146813 


•5'1'5'OOO'OOt 


'54185542 


•58078667 


•5 1'6'O'OOOOt 


'54285592 


•58010589 


'51 TOO 00 t 


'54385642 


•57942579 


'51'8000 00t 


'54485692 


•57874637 


'51 '9 000 ^ 


'54585742 


•57873925 


'5'20'00 00 t 


'54690326 


•57816052 


•5aiooooot 


'54790376 


•57758236 


•5'2"20 00 ^ 


'54890426 


•57700478 


•5'2 3 I 


'54990476 


•57642778 


'5*2'4 ^ 


'55090526 


•57585136 


'5 2 5 00 t 


'55190576 


•57527551 


'52600000 t 


'55290626 


•57470024 


•5'2 7'OOOOOt 


'55390676 


•57412554 


'5 2 8 t 


'55490726 


•57355142 


'5 2 9 t 


'55590776 


•57295186 


•53000000 t 


'55695360 


•57237891 


•5'3 1 00000 t 


'55795410 


•57180653 


'5 3 20 0000 t 


'55895460 


•57123472 


•5'3 30 t 


'55995510 


•57066349 


•5'3'4. 000 t 


'56095560 


•57009283 


•5'3'50 o'oao t 


'56195610 


•56952274 


•5'3'600000t 


'56295660 


•56895322 


'53 70 00 t 


'56395710 


•56838427 


•5'3'8'0 t 


'56495760 


•56781589 


'53'9 00 00 t 


'56595810 


•56722234 


'5'4.'0 00 000 t 


'56700394 


•56665512 


•5'4'lOOO'OOt 


'56800444 


•56608847 


•5'4'2 0000t 


'56900494 


•56552239 


'5'4.'3'0'0'000t 


'57000544 


•56495687 


•5'4.'4.0 00 t 


'57100594 


•56439191 


•54. 5 000 t 


'57200644 


•56382752 


'5 4>'6 00 t 


'57300694 


•56326369 


'5 4'7 0000 t 


'57400744 


•56270043 


'5^4 8 00000 t 


'57500794 


•56213773 


'5 4.900000 t 


'57600844 


•56155012 


•5 5 00 000 t 


'57705428 


2» 6 


9314718 10«2305 


158509 


4-13 


8629436 ioo=»46o« 


)i70i8 


8 — 20 


7944154 iooo=»690' 


775527 



DESCENDING BRANCH. 



45 



N. No8. 


D. Nos. 


D. Logs. 


•56098857 


•5'5'1'OO'O'OOt 


'57805478 


•56042758 


•5'5'a'O'O'O'O'O t 


'57905528 


•559B6715 


*5'5'3'0'0'0'0'0t 


'58005578 


•55930728 


'5'5'4.00 00*0 t 


*68 105628 


•55874797 


'5'5'5'000'00 t 


'58205678 


•558i89aa 


•5'5'6'OO'O'O'Ot 


'58305728 


•55763103 


•5'5'7'000'00 t 


'58405778 


•55707340 


•5'5'8'0000'0 t 


'58505828 


•55651633 


•5'5'9'0'0 OO'O t 


'58605878 


•55593462 


•5'60'000'0'0 t 


'5871046a 


•55537869 


•5'6 10 0000t 


'5881051a 


•55482331 


•5*6'a000'00 t 


'58910562 


I •55426849 


•5*6'300000 t 


'5901061 a 


•5537 H22 


•5'6'4.00 00 t 


'59110662 


•55316051 


*5'6'5'0'0'00'0 t 


'5921071a 


•55260735 


'5'6 60'00'00t 


'59310762 


•55205474 


'5'6 70'0000 t 


'5941081a 


•55150269 


•5'6'8'0'0'0'0 t 


'5951086a 


•55095119 


•5'6'9'OO'O'O'Ot 


'5961091a 


•55037527 


'5'7'00'0'0 t 


'59715496 


•54982489 


'5 7'1'OOO'OOt 


'59815546 


•54927507 


'5 720'0 00 0t 


'599*5596 1 


.•54872579 


•5 7'300 t 


'60015646 ' 


•54817706 


•5 7'4.'0 00 t 


'60115696 j 


•54762888 


•5 7'5'00 t 


'60215746 


•54708125 


•57'600 00 0t 


'60315796 


•54653417 


•5 7'7 00 0'0t 


'60415846 . 


•54598764 


•5'7'800000 t 


•60515896 


•54544165 


•5'7'9'O'O'OO'Ot 


'60615946 


•54487152 


•S'S'OO'O'OO 1 


'60720530 


•54432665 


•5'8 rooooot 


'60820580 


•54378232 


•5 8'200'00 t 


'60920630 


•54323854 


•5 S'SOOO t 


'61020680 


•54269530 


•5'8'4.'0'0 000 t 


'61120730 


•54215260 


•5'8'500000 t 


'6iaao78o 


•54161045 


•5'8'600'0'0 t 


'61320830 


•54106884 


•5'8700000 t 


'61420880 


•54052777 


'5'8'8'0'0'0'0 t 


•61520930 


•53998724 


•5'8'90'0000 t 


'61620980 


•53942280 


•5 9'0'00 00 t 


'61725564 


"53888338 


•5'910000 0t 


'61825614 


•53834450 


'5'9'a'O'O'O 1 


'61925664 


1 '53780616 


'5'9'3'0 00 00 t 


'62025714 


1 '53726835 


'5'9'4>'0'0'0'0'0 t 


'62125764 


•53673108 


•5'9'500 00 t 


'62225814 


•53619435 


'5'9'6 00 00 t 


'62325864 


1 -53565816 


•5 9 70 0000 t 


'62425914 


•53511250 


•59 8 00 00 t 


'62525964 


•53457739 


•59900000 t 


'62626014 


•53144100 


•6000 000 t 


'63216309 


a» 6 


9314718 io=a3< 


5258509 


4«=i3 


8629436 100S46 


5517018 


8=20 


7944154 1000 =691 


5775527 



4G 



DESCENDING BRANCH. 



X. No8. 


D. N08. 


D, Logs. 


•53090956 


•eoi'O'O'oo'ot 


'63316359 


•53037865' 


•«o a ooo'O'o t 


'63416409 


-52984837' 


•6 03 ooo t 


'63516459" 


•52931842 


•6 4. t 


'63616509 ; 


•52878910 


•6 5 t 


'63716559 


•52826031 


•6 6 O'O t 


'63816609 


•52773205 


•6 7 00 t 


'63916659 


•52720432 


•« 8 00 t 


•64016709 


•526b'77i2 


•6 0'9 t 


'64116759 


•52612659 


'6 1 00 0000 t 


'64221343 • 


•52562046 


•611 00000 t 


'64321393 


•52509484 


•6 1 200000"^ 


'6442 1 443 


•52456975 


•6 1 3 00000 t 


'64521493 


•52404518 


'61 4 00000 t 


'64621543 


5235^1 »3 


'6 1 5 00 000 '^ 


'64721593 


•52299761' 


•6 1 eoooo'ot 


'64821643 


•52247461 ^ 


'6 1 7 00'0'0^ 


'64921693 


•52195214 


•618 00000 '^ 


'65021743 


•52143019 


•6 1 90 0•00 0'^ 


'65121793 


•52086532 


•6200 OOt 


•65226377 


■52034445" 


•62 1 000 00 I' 


'65326427 


•51982411' 


•6220 000''' 


•65426477 


•51930429 


•62 3 ^ 


'65526527 


•5 •878599 


•6 2 4. ^ 


'65626577 ; 


•51826720 


•62 5 I' 


'65726627 1 


■51774893 


•6 2 6 t 


'65826677 


•o»723»i8 


•6 27 00000 t 


•65926727 


■51671395' 


'628 00000 '^ 


'66026777 


■51619724 


•6 2 9 t 


'66126827 


•51565667 


6 3 t 


'66231411 


•51514101 


•63 1 00000 t 


•66331461 


•5i46-i587 


63 20 000 Ot 


'66431511 ' 


•51411124 


63 3 00000 t 


'66531561 1 


•51359713 


6 3 4 t 


'66631611 


•51308353 


63 50 00 00 t 


'66731661 


-51257045 


63 60 OOOt 


'66831711 


■51205788 


6 3 7 000 t 


'66931761 


•51154582 


•63800000 t 


'67031811 


•51103427 


•63900 000 t 


'67131861 


•51050010 


'64.0 00'0 00 t 


'67236445 


•50998960 


64 1 00 OOOt 


'67336495 


•50947961 


64.2 00 000 t 


'67436545 


•50897013 


643 00 OOOt 


^67536595 


•50846116 


6 4^4 t 


'67636645 


'50795270 


6 -4 5 t 


'67736695 


•50744475 


64.600 000t 


'67H36745 


•50693731 


64'7 0000t 


'679*36795 ' 


•50642037 


648 00 OOOt 


'68036845 


"60591395 


6490000 t 


•68136895 ; 


•50539510 


65 000 OOOt 


'68i>4i479 1 


2- 6 


[^314718 10 = 2305 


858503^ 


4-13 


B629436 ioo = 46o« 


)i70i8 


R = 20 


7944154 1000 = 690-; 


75527 



DESCENDING BRANCH. 



47 



N. N08. 


D. No9. 


D. LogH, 


•50488970 


-es'i'O'o'ooo t 


•683415-29 


•5043«48 1 


'65200000 t 


•68441579 


! -^0388043 


'65 300 00 Ot 


•68541629 


0^337^)55 


"6 5^4■0 000 t 


'68641679 


•50287317 


*6 5'5 00 00t 


'68741729 


•50237030 


•6'5 6 00 00 t 


'68841779 


'5018679a 


'6 5 7 00 OOO t 


•68941829 


'50J 3fcJ6o() 


•6'5'8 00 t 


'6tlu4iB7y 


•50086470 


'6 5'9 00 t 


■69J4i9'3^ 


•50034«i5i 


'« 6 t 


*6ya465i3 


•499»408i 


•66100000 t 


''>9346563 


'49934«>97 


•6 6 2 00 t 


%44'>fH3 


■49H84163 


•663 00 00 Ot 


■^954^.1' f^^;j 


•49H34J79 


'6 6 4 t 


■6cjf:i4'>7 i;i 


•4978444.U 


•6 6 5 t 


■r,.,74^;(>3 


•4«M734t>6i. 


•666'OOOO'Ot 


■^^'^^[f^H\*^ 


•496 84926 


•6 6 7 00 t 


''^Lfi- •'•'■"■., 


■49^35^41. 


'6 6 80 t 


'70046913 


•40;jM56(>6 


•6 6 9 t 


•70146963 


•49033774 


'6 70 00 Ot 


'70251547 j 


•49484'>4o 


•67 1000 00 t 


'70351597 1 


'49434756 


•6 72 000 0t 


'70451647 ; 


•4f<3"53'2 1 


•673 0000 Ot 


'70551697 ; 


■49335936 


'6 7 4 000 t 


•70651747 1 


4(^280600 


'67 5 00 000 t 


'70751797 1 


■49-»373«3 


676 00 000 t 


'70851847 ; 


4(^88076 


•6 77 000 00t 


'70951 B97 i 


•49138888 


'67 800 00t 


'71051947 


■49^'»9749 


'67 90 00t 


'71151997 


•4903«436 


•6 8 t 


'712565B1 


•4H9B9398 


•6 8 100000 t 


'71356631 1 


•48940409 


'6 8 2 000 00 t 


'7 1 456681 ( 


•48891469 


6 83 0000 t 


'7155673» , 


•48842578 


6840000 0t 


*7i 65678 r 


•48793735 


68 5 00000 t 


'71756831 


•48744941 


6 8 600000t 


*7 1856881 


•48696196 


68700 000t 


'71956931 


•48647500 


•6'8 8 00 t 


'72056981 


•48598852 


•68900000t 


•72157031 


•48548052 


69 000 000 t 


'72261615 


•48499504 


69 1 00000 t 


'72361665 


•484511)04 


69 2 00 000 t 


'72461715 


! 48402553 


693 00 000 t 


'72561765 


•48354 '50 


69AOOOOOt 


'72661815 


1 '48305796 


69 5 00 000 t 


•72761 B65 


•48257490 


69 600 00t 


'72861915 


•48209233 


•697 00 00 ot 


'72961965 


•48161024 


69 8 000 cot 


'73062015 


•48112863 


69 9 00000 t 


'73 » 62065 


•47829690 


70000000 t 


'7 375236 ^ 


a= 6 


9314718 10 = 23C 


3258509 


4=13 


8629436 loo = 46( 


D517018 


8 = 20 


79-14 154 iooo = 6q( 


5775527 
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DESCENDING BRANCH. 



N. Nos. 


D. N08. 


D. Logs. 


•47781860 


•7 rooooo t 


'7385241 1 


•47734078 


•7'oaooooot 


'73952464 


1 •47ti»6'344 


•70300000 1 


•7405251* 


•47638658 


•7 4.0 1 


74152561 


•4769 » 019 


•70 5 00 00 ot 


•7425261 1 


•475434^8 


•706 000 00 1 


'74352661 


•47495885 


•70700000 t 


'744527 i» 


•47448389 


•70800000 t 


'74552761 


•47400941 


•7 9 00 00 t 


'74652811 


•47351393 


'71'0'0'0 00t 


'74757395 


•4730404a 


•7'11'OOOOOt 


•74857445 


•47^56738 


•71 a 000 00 1 


•74957495 


•47*09481 


•71'300000t 


'75057545 


•47162272 


'7 1'4.'OOOOOt 


•75157595 


•47115210 


•7 1 '50 00 t 


•75257645 


•47068095 


•71 600 00 t 


'75357695 


•47021027 


•7 1'7'OOOOOt 


'75457745 


•46974006 


•7 1'8 00 000t 


•75557795 


•46927032 


•71 '9 00 t 


'75657840 


•46877879 


Taoooooot 


'75762429 


•46831001 


Taiooo'oot 


•75862479 j 


•46794170 


Taaooooot 


•75962529 


•46737376 


•7 a 30 00 1 


•76062579 


•46691039 


•7 a 4.0000 1 


'76162629 


•46644348 


'7 a 5000 00 1 


'76262679 


•46597704 


•72600000 t 


'76362729 


•46551106 


•7a7'OOOOOt 


'76462779 


•46504555 


•7 a aoo'ooo t 


76562829 


•46458050 


•7 a 9 00 00 t 


76662879 


•46409100 


•73 oooo 1 


'76767463 


•46362691 


•7'31'O'OOOOt 


•76867513 


•46316328 


•7'3a'0 t 


'76967563 


•46270012 


•7 3 30 00 t 


•77067613 


•46223742 


'7'3\4.0 t 


77167663 


•46177518 


•7'3'5 t 


'77267713 


•4613134a 


•7'360 t 


77367763 


•46085209 


•73700 t 


'77467813 


•46039124 


•7'3'8 t 


'77567863 


•45993085 


•7 39 00 000 t 


'77667913 


•45945009 


'7-4.00 00 t 


'77772497 


•45899064 


•7\4. 1 OOOO t 


•77872547 


'45853165 


•7^4.2 000 00 t 


'77972597 


•458073 i« 


•7\4.'3'0'0 00 t 


78072647 


•45761505 


•7 4.'4.0 00 t 


78172697 


•45715843 


•7\4.'5'00 t 


78272747 


•45670127 


•7\4.'6'0 t 


'78372797 


•45624457 


•7 4.'70 0000 t 


78472847 


•45578833 


'7^4. 8 00 t 


'78572897 


•45533254 


•74. 9 0000 t 


78672947 


•45485559 


•7 500000 0t 


'78777531 


a- 6 


9314718 IO = 230S 


158509 


4-13 


8629436 ioo«46of 


)i70i8 


8»20 


7944154 iOQo-=69o: 


75527 



DESCENDINa BEANCH. 
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N. Nos. 


D. N08. 


D. Log8. 


•45440073 


•7'5'lOO'OOot 


•78877581 


•45394633 


•7'5'a O'O'OO t 


'7897763* 


•45349'238 


'7-5'3'O'O'O'O'Ot 


'79077681 


•45303889 


'7'5'4.'0'0 000 t 


•79»7773» 


•45^48585 


•7'5*5'0'0'000 t 


79277781 


•45^03336 


'7'5'6'O'O-OO'Ot 


'79377831 


'45158133 


•7'5'700000 t 


'79477881 


•46 H 2975 


•7'5'80 00 t 


'79577931 


•45057862 


'7'5'9'O'OO'OOt 


•79677981 


•45030703 


'7'6'0'0'0'0 t 


•79782565 


•44985672 


•7'6 1'OOOO'Ot 


'79882615 


•44940686 


•7'6'aooooot 


'79982665 


•44895745 


•7'6'3 00 00t 


'80082715 


•44850849 


'7'6'4. 00 000 t 


•80182765 


•44805998 


•7'6'50'0'0'00t 


'80282815 


•4476119a 


•7'6 6 00 0'0t 


•80382865 


•447 16431 


•7'6'7 00 00 t 


'80482915 


•44671715 


•7'6'8'00 000 t 


'80582965 


•44627043 


•7'6'900000 t 


'80683015 


•44580396 


•7'7'0'000 00 t 


'80787599 


•445358 16 


'7'7 'lOOOOO t 


'80887649 


•44491280 


•7'7'2000'00t 


'80987699 


44446789 


'7'7'300000 t 


'8m>87749 


44402342 


•7'7'4.00000t 


•81187799 


•44357940 


•7'7'5'00'00'0 t 


'81287849 


•44313582 


1 Treoo'ooot 


•81387899 


•44269268 


•7'7'700 000t 


'81487949 


•44224999 


•7 7'800000 t 


•81587999 


•44180774 


•77'90 O'OOO t 


•81688049 


'4413459^ 


•7'80 OOOO'O t 


•81792633 


•44090457 


'7'8'1'OOOO'Ot 


•81892683 


1 44046367 


•7'8'2 OOOO'O t 


•81992733 


■44002321 


'7'8'3 OOOO'O t 


'82092783 


•43958319 


'7 8'4.'00000 t 


•82192833 


•43914361 


•7'8'dOOO'OO t 


'82292883 


•43870447 


•7 8'60'0'0'0 t 


•82392933 
[82492983 


•43826677 


'7 8 7'0'0'0'0 t 


; 43782850 


'7 8'8'00 00 t 


'82593033 


•43739067 


•7-8'9'00'0 t 


'82693083 


43693246 


'7'9'0 00 t 


•82797667 


•43649553 


•7'9'1'OOOOOt 


'82897717 


•43605903 


•7 9'a 1 


82997767 


•43562297 


'79300000 t 


•83097817 


•43518735 


•7'9'4.00'000 t 


•83197867 


•43475216 


'7 9'50000'0 t 


83297917 


•43431741 


•7'9'6'00'0 00 t 


•83397967 


•43388309 


•7 9'70 O'OO t 


83497017 


•43344921 


•7'9'80'0'0'0 t 


•83598067 


•43301576 


•7'9'9'0'00'0'0 t 


•83698117 , 


•43046721 


•8 OOOO'O t 


'84288413 


2= 6 


9314718 io=a3c 


)258509 


4=13 


8629436 loo = 46( 


)5i70i8 


8 = 20 


7944154 iooo = 69( 


>775527 
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DESCENDING BRANCH. 



N. No8. 


. D. N08. 


D. LogB. 


•43003674 


•SO TO 0000 t 


'84368463 


•42960671 


•8 oa 000 1 


'84488513 


•42917710 


'•8 0'30*0000t 


'8458^563 


•4287479a 


•8'0'4.0 00 t 


'84688613 


-42831917 


•eo'dO'oo 00 1 


•84788663 


•42789085 


'80'6 00 t 


•84888713 


.•42746296 


•8'0 700 00 t 


•84988763 


•42703550 


•80'8 0D000t 


'85088813 


•42660846 


•SO 9 OOO t 


•85188863 


•42616254 


•81 00 000 t 


'85293447 


•42573638 


•ei'i'ooooot 


'85393497 


•42531064 


•8 1 a oo'oo t 


'85493547 


, -42488533 


'8 1'3 0000t 


'85593597 


•42446044 


•8 1'4.00000t 


'85693647 


•42403598 


'8 1'd'OOOOOt 


'85793697 


•42361194 


•81 '6 00 000 t 


'«5893747 


>'423i8833 


•81'700000t 


'85993797 1 


•42276514 


•8 1 '8 000 00 t 


' '86093847 


•42234237 


•8 1 '9 OO'OO t 


*86 193897 


'42190091 


•820000 00 t 


'86294881 


-42147901 


•8ai'ooooot 


'86394931 


•42105653 


•eaao'O'ooot 


•86494981 


1 '42063547 


•8 a'3'O O'OOO t 


'86595^^3' 


•42021483 


•8 a'4.'000'0'0 t 


•8669508 1 


'41979462 


•8 2'50'0'00'0 t i 


'8679513' 


• -41937483 


'8'2'6'00'0'0'0 t 


'86895181 


•41B95546 


>8'2'7 00 000t : 


'86995231 


•41853650 


•8'2'8'0 00 t ' 


'8709528 1 


•41811796 


'8a'9'0 OOO t i 


'8719533' 


•41768190 


•8 ao'O'o 00 1 


'87303515 


'41726422 


•83 10'0000t ; 


'87403565 


; :4i684696 


•83200000 t 


'87503615 


1 '41643011 


•8 3 3 00 t 


•87603665 


i '4160136B 


•8 3 4. 00 000 t 


'87703715 


i -41559767 


•8 3 5 t 


'87803765 


•41518207 


•8 3'60 00t 


'87903815 


•41476689 


•8'3 7 000 00t 


'88003865 


1 '41435212 


•83BOOOOOt 


'88 1 039 15 


'41393777 


•83900000t 


'88203965 


'41350508 


•8^4. t 


'8H308549 


'41309157 


'8'4.'l OOOOOt 


'88408599 


'4126784Q 


^8 4. 2 0000 t 


'88508649 


•41226580 


•8^4. 3 00 t 


'886o86j^9 


1 *4 1185353 


•8 4. 4. t 


'88708749 


•41144168 


•8 4.'5 t 


'88808799 


•41103024 


•8 4. 60 000 Of 


'88908849 


•4 1 06 1 92 1 


•8 4.7 0000 t 


'89008899 


'4 1 020859 


•8 4.8 000 t 


'89108949 


'40979838 


3 4. 9 00 t 


'89208999 


'40937003 


3 5 00 t 


'893 » 3583 


' 2=-' 6 


93 147 re 10=2302 


58509 


4=13 


8629436^ 100=4605 


17018 


8 = 20 


7944154 1060=6907 


75527 
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N. NoH. 


D. N08. 


D. Logfl. 


•40896066 


•8'5'1'OO'OOOt 


•89413633 


•40855170 


'8'5'2 O'O'O'O t 


•89513683 


^0814315 


•8 5'300'000t 


'89613733 


•40773501 


'8'5'4.'00000 t 


'89713783 


•40732728 


'8'5'A'O'O'O-O'O t 


'89B 13833 


•40691995 


•8'5'8'O'O'O'O'Ot 


'89913883 


'40651303 


*8'5'7'0'0'0'0'0 t 


'90013933 


•40610652 


•8d'800 00 t 


•90113983 


•40570041 


•8'd'900 000t 


'90214033 


•40527633 


'8'600'0000 t 


•90318617 


'40487105 


'8'6 rooooot 


•90418667 


'40446618 


•8*6 SO O'O'O'O t 


Vs 18717 


'40406171 


•8'6'3'0 00 00 t 


90618767 


'40365765 


'8 6'4.'0'0'0'0'0 t 


'90718817 


•40325399 


•8'6'd'O'OOOO t 


90818867 
'^0918917 


•40285074 


•8'6'60'0000 t 


140244789 


'8 6 rO'OO'OO t 


! '91018967 


:40204544 


'8'6'80'0000 t 


i •§1119017 
•91219067 


-40164339 


^8'6'9'0'0 000 t 


40122357 


•8 70 00 000 t 


1 9 '32365' 


•40082235 


'8 7 100 000t 


'91423701 


40042153 


'8 7'aOOOO'Ot 


*& 1523751 


400021 11 


*8'7'3'0'0'0'0'0 t 


91623801 


•39962109 


'8 7'4.0 000 t 


9 1723851 
f 91823901 


•39922147 


•8 7'5'00 000 t 


•39882225 


•8 7'6'O'OO'O'Ot 


'91 92390' 


■39842343 


•8 7'7 00'0'00t 


'92024001 


•39802501 


'8 7'8'0'0'0'00 t 


^92 124051 


•39762698 


•8 7'9 00 00t 


•92224101 
•92328685 


•39721133 


'880000'00t 


•39681412 


'8 8 rooooot 


1 '92428735 


■3964173^ 


'8'8'S'O'O'O'O'O t 


•92528785 


•39602089 


'8'8'3'00'00'0 t 


'92628835 1 


•39562487 


'8'8'4.0000'0 t 


'92728885 1 


39522925 


'8*8'50'00'0'0 t 


•92828935 1 


39483402 


'8'8'60 OOOO t 


92928985 1 


■394439*9 


'8'8 7'OOO'OOt 


93029035 ! 


•39404475 


'8 8 8 000 oof 


'93129085 \ 


•39365071 


'8'8 9'0'0'0 t 


93229135 


■39323922 


'8'9'00'000'0 t 


[933337 19 


■39284598 


'8'9'lOOOOOt 


93433769 


39245313 


•8'9aooooot 


93533819 


39206868 


*8 9 3 00 t 


193633869 
93733919 


•39166862 


•8 9^4. 00 000 t 


•39127695 


•8'9'5'0'000'0 t 


93833969 


•39088567 


'8'9'6'0'0'0 00 t 


'93934019 


•39049478 


'8'9'7'0'6'0'00 t 


'94034069 


•3901049a 


'8'9'8000'0'0 t 


'94134119 


•39981419 


'8'9'9'0'0'0'0'0 t 


•94234169 


■38742049 


'9'OO'OOOOOt 


•94824464 


a= 6 


93147*8 lo=«d3c 


)2585oi9 


4=»3 


8629436 ioo = 46( 


)5i70i8 


8 = 20 


7944154 1000 = 690 


>775527 



DESCENDINa BRANCH. 



N. No8. 


D. N08. 


D. Logs. 


38703307 


'QOlOOOOOt 


'94924514 


38654604 


'9'O'S'O'O'O'O'O t 


'95024564 


3B625939 


'90'3'0'0'0'0 t 


'95124614 


.18587313 


•e'O'4. o'O'O'oo t 


•95224664 


38548726 


•90'5'0000 t 


'95324714 


385»o»77 


'9'0'6'0'0'0'0'0 t 


'95424764 


•3847 "667 


'90'7'0'00'0'0t 


'95524814 


38433196 


•9 O'8'O'O'O'O'O t 


'95624864 


3839476--1 


•9'0'9'0'0'0'0'0 1 


'95724914 


38354629 


•ei'O'O'O'O'oot 


'95829498 


38315274 


'91 '1 'O'O'O'OO t 


'95929548 


38276959 


•ei'ao'O'oo'ot 


'96029598 


•38a3863a 


'9'1'3'O'O'O'O'Ot 


'96129648 


•38200443 


•91'4.'00'0'0'0t 


'96229698 


•38162243 


•9'1'd'OO'O'OOt 


'96329748 


38124081 


•9'1'6'O'O'O'O'Ot ^ 


'96429798 


38085957 


•91 ^'OO 000 t 


'96529848 


38047871 


•9'1'8'O'O'O'O'Ot 


'96629898 


38009823 


'9'1'9'O'O'O'O'Ot 


'96729948 


37971083 


'9'S'O'O'OO-O-Ot 


'96834533 


37933 » 12 


•9'a'i'O'O'O'O'ot 


•96934583 


37895179 


'9'SS'O'O'O'O'Ot 


•97034633 


37857284 


•9'a3'0 0'00t 


'97134683 


37819427 


'9'S'4.'0'0 000 t 


'97234733 


37781608 


'9'S'5'0'0'0 0'0t 


'97334783 ! 


37743824 


•9'S'6'0 0'0'0'0t 


'97434833 


37706080 


'9 9 7 00 00 t 


'97534883 


37668374 


'9 2'a'O'O'O'O'O t 


'97634933 


•37630706 


'9'S'9'0'0 000 t 


'97734983 


'37591372 


•9'3'0 00 00 t 


'97839567 


•37553781 


'9'3'1 OO'O'O t 


'97939617 


37516227 


'9'3 9 0'0'0 0t 


•98039667 


■37478711 


9'3'3 t 


'98139717 i 


37440232 


9'3'A'0'000*0 t 


'98239767 


•37402792 


'9'3'5000'0'0 t 


'98339817 


37365389 


'9-3'6'O'OO'OOt 


'98439867 * 


3732B024 


•9'3'7'OOO'OOt 


'98539917 


37290696 


'9'3'a'O'o 00 1 


'98639967 


•37253405 


•9'3'9'OOOO'Ot 


'98740017 


37215458 


9*4.0'0'0 00*0 t 


•98844601 


•37178243 


•9.4. 1 'O'O'O'OO t 


'98944651 


•37141065 


'9\4.'2 0000 t 


•99044701 


•37103924 


•9^4.3'0•0'0 00t 


'9914475' 


•37066820 


•9 4.'4. t 


'99244801 


•37029753 


'9 4.'50 t 


'99344851 


•36992723 


'9 4.'6 00 t 


'99444901 


•36955730 


•9 4.'70 0000t 


'99544951 


•36918774 


'9'4.'80 OO'O'O t 


'99645001 


•36881855 


•9'4.'9'0 000 t 


'99745051 


36843303 


•9'5'00'0'00 t 


'99849635 



- 69314718 
=138629436 
=207944154 



10=230258509 

100=460517018 

1000=690775527 



DESCENDINa BRANCH, 



58 



N. No8. 


D. N08. 


D. Logs. 


•36806460 


•9'5'lO'O'O'O'Ot 


'99949685 


•36769654 


'9'5'S O'O'O'O'O t 


100049735 


•36732884 


•9 53'OOO'OOt 


100149785 


■36696151 


'9 5'4.'0'0'0'0'0 t 


100249835 


•36659455 


'9'5'A'O'O'O'O'O t 


100349885 


•36622796 


•9d'60 00'0t 


100449936 


•36586173 


•9d'7'000'00 t 


100549985 


•36549587 


'9 5'8 O'O'O'O'O t 


100650035 


36513037 


'9'5'9'0'0'0'0'0 t 


100750085 


•36474870 


•9 60000 00 t 


100854669 


36438395 


9 6'10'0*00'0t 


100954719 


•36401957 


■9 eaooo 00 1 


101054769 


36365555 


'9 6-3 00 t 


101154B19 


36329189 


9 6^4. O'O'O'O'O t 


101254869 


•36292860 


•9 6'dOOO'OO t 


401354919 


•36256567 


9 6 eo'O'O'O'o t 


101454969 


36220310 


9 6 rO'O'O'O t 


101555019 


36184090 


9'6 aO'O'O'O 1 


101 655069 


•36147906 


9'6 900 00 t 


101755119 


■36110121 


•97000000 1 


101859703 


•36074011 


•9 7'10 000 t 


101959753 


•36037937 


9 7'a'OOOOOt 


102059803 


36001899 


•9 7'3'OOO'OOt 


102159853 


35965897 


'9 7'40 00 t 


102259903 


•3592993» 


'9 7 d'O'O'O'O t 


102359953 


35894'^oi 


•9 7 6' 000 00 t 


102460003 


•35858107 


•9 7'700'0'0'0 t 


102560053 


•35822249 


'9 7'800*0'0 t 


102660103 


•35786427 


•9 7'9 000 t 


102760153 


•35749020 


•9 8 O'O'O'O t 


102864737 


•3571 327 » 


9 8 10 0000 t 


102964787 


•35677558 


'9 8 2 O'O'O'O t 


103064837 


•35631880 


9'8 3 O'O'O'O t 


103164887 


•3559624B 


9 8 4.0 O'O'O'O t 


103264937 


35560^52 


•9 a 5 O'O'O'O'O t 


•03364987 


•355-25091 


•9 a eoo'O'O'o t 


103465037 


■35489566 


•9 a 7'0'0'o 00 1 


103565087 


•35454076 


'9 8'8'00'0 t 


' 03665 137 


•354i9()22 


•9'a'9 000 00 1 


103765187 


•35391530 


'9 9 00 t 


•03869771 


•35356 « 38 


99 1 O'OO'OOt 


1 0396982 1 


•35320782 


•9 9 2 t 


1 0406987 1 


•35295461 


993 00 00 Ot 


104169921 


•35260 1 66 


9 9 4. t 


104269971 


•35224906 


•9 9 5 t 


104370021 


•35189681 


996000 00t 


1 04470071 


•35154491 


■9 9 700 00 Ot 


104570121 


■35119337 


•9 9 8 t 


104670171 


•35084218 


•9 9'90 00 t 


104770221 


•34867.^14 


looo'O'oo 00 1 


M. 53605 16 



= 60314718 

r 13862(^436 
=20-944154 



100 

1 Ono 



= 2302585^ 
-^4605170 
-6907755- 



51 



DESCENDING BRANCH. 



N. No8. 


D. N08. 


D. Logs. 


•34«32976 


100 100 000 t 


105460566 


•34798 » 43 


looaooooot 


105560616 


•34763345 


•10 3 1 


105660666 


•34728582 


•10'0'4.'0000 0t 


105760716 


•34^93853 


•lO'O'so 00 1 


105860766 


•34^59159 


loo-e oo'ooo t 


105960816 


• 34624500 


•10 OT'OOOO t 


106060866 


•34589875 


•lOO'8'OOO'OOt 


106160916 ! 


•34555285 


10 O'9'OO'O 00 t 


106260966 1 


•345 19 » 66 


•lOl'O'OOOOOt 


106365550 1 


34^84647 


•lOll'OOOOOt 


106465600 


3445016a 


•loiaooooot 


106565650 


•344 1 57 » 2 


•lOl'3'OO'OO'Ot 


106665700 


•34381296 


10 1'4.000 00t 


106765750 


•34346915 


•lOld'OO'OO'Ot 


106865800 


34312568 


•10 1'60'OOOOt 


'106965850 


•34278255 


101 7'O'OOOOt 


107065900 


•34243977 


•10 1-8 000 oof 


107165950 


•34209734 


10 1 '9 t 


107266000 


•34 » 73974 


10 a 00 00 00 1 


107370584 


■34139800 


10 a 100 00 ot 


107470634 


•34105660 


•lo'aaoo'ooot 


107570684 


• '34071554 


•10 2-3 00 000 t 


107670734 


•34037482 


'ioa'4.o'oooot 


107770784 


•34003445 


•ioa'5'ooooot 


107870834 


•33969442 


•loaeooooo t 


107970884 


•33935473 


'ioa'70oooot 


108070934 


•33901538 


'10'2'8 O'O'O'O t 


108170984 


•33867636 


10 a 9 000 1 


108271034 


•33832234 


•10 30 00 000 1 


108375618 


•33798402 


•10 310 000t 


108475668 


•33764604 


•10 3'a 1 


108575718 


•33730839 


•10 3 30 O'O'OO t 


108675768 


•33697108 


•10 3'4.-0'0'0'0'0 t 


108775818 


•3366341 1 


•10 3d'00'0'00 t 


108875868 


•33629748 


'10'3'6'0'0 0'0'0t 


108975918 


•33596118 


'lO^T'OOOO t 


109075968 


•3356252a 


'10'3'8'00000 t 


109176018 


•33528959 


'10'3'9-0-0'0 00 t 


109276068 


•33493912 


•10'4.'0'00 OOO t 


109380652 


•33460418 


•10'4.'l'0 00t 


109480702 


•33426958 


•10^4.•2 000 t 


109580752 


•3339353" 


•10'4.'3'00'000t 


109680802 


•33360137 


•10'4.'4.'0 00 t 


109780852 


•33326777 


•10'4.'50'0'00'0 t 


109880902 


•33293450 


•104.'60'0 00t 


109980952 


•33260157 


•10\4.'70 0'000t 


110081002 


•33226897 


•10 4.'8 00 00t 


110181 052 


•33193670 


•10 4. 9 000 t 


1 10281 102 


•33158973 


lO'SOO'OOOOt 


110385686 


a» 6 


9314718 10=23025850 


9 


4-13 


8629436 100=46051701 


8 


8 = 20 


7944154 1000=69077552 


7 



DESCEXDING BEANCH. 
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N. No8. 


D. N08. 


D. Logs. 


•33»258i4 


•lO'S'lOOOOOt 


110485736 


•33092688 


•10 52 00 000 t 


110585786 


•33059595 


•lOd'3'OOOOOt 


110685836 


•33026535 


•10d'4.0'0 0'00t 


110785886 


•32993508 


10 5'5 00 00 t 


110885936 


•32960514 


•10'5'6 0'000t 


1 10985986 


•32927553 


•10d7'0'0'0'00t 


111086036 


•32894625 


lOS'SOOOOOt 


111186086 


•32861730 


10 5'9'00 000 t 


111286136 


•32827383 


■1060 0*0 000 t 


1 1 1 390720 


•32794556 


loeiooooot 


111490770 


•32761761 


10'6 2 00-0 t 


111590820 


•32728999 


10 6 3 OO'O'O t 


111690870 


•3-2696270 


10 6 4.00 000t 


111790920 


•32663574 


'lO 6 500 00 t 


1 1 1 890970 


•32630910 


'lO 6 6 OO'OOO t 


111991020 


•32598280 


•10'6 7 0000'0t 


112091070 


•32565682 


•10 6'800 0'0 0t 


112191 120 


•32533116 


'10'6'9'0 000t 


11229117U 


•32499109 


•10'700'0 0'0t 


112395754 


•32466610 


'10 7 100'000t 


112495804 


•32434143 


•io7'ao'oo'oot 


112595854 


•32401709 


•10 7'3'00000t 


112695904 


32369307 


'10 74.'0 000t 


112795954 


•32336938 


•10 7 5 00'00'0t 


112896004 


•32304601 


10 7 6000 00t 


112996054 


•32272296 


10 7 700'0 00 t 


113096104 


. ^32240024 


•10 7 80000'0t 


1 13196154 


•32207784 


•10 7 9000 00 t 


1 13296204 


•32174118 


10 8 OO'OOO t 


113406788 


•32 1 41 944 


•10 8 rooooot 


113500838 


•3210980a 


•io8'ao'oooot 


1136U0883 


•32077692 


•10'8 3000 00 t 


113700938 


•32045614 


•10 8'4.'0000'0 t 


113800988 


•32013568 


•10'8*5'000'0 t 


113901038 


•31981554 


'10'8'6'0'0'0'0 t 


114001088 


•^1949572 


•lO'8 7'O'OO'OOt 


114101138 


•3191762a 


•10*8'80'0'00 t 


114201188 


•31885704 


•10'8'900000 t 


114301238 


•31852377 


•IO'9'O'O'O'OO'O t 


114405822 


•31820525 


•io'9 ro'O'O'O'ot 


114505872 


•31788704 


•10 9'a'O'O'O'o 1 


1 14605922 


•31756915 


'10'9'3'0'0'0'0'0 t 


114705972 


•31725158 


'lO 9'4.000'0 t 


114806022 


•31693433 


•10'950'0'0'00 t 


114906072 


•31661740 


10 9*6'0 00 00 t 


115006122 


•31630078 


•10 97 00000 t 


115106172 


•31598448 


'lO 9 8 t 


115206222 


•31566850 


•10 9 9 OO'OOO t 1 . 


115306272 


•31381060 


•1100 OO'O'O t 1 


115896568 


a= 6 


9314718 10 = 2302585 


09 


; 4=13 


8629436 100 = 4605170 


18 


1 8=20 


7944 « 54 1000 = 6907755 


27 



5G 



DESCENDING BRANCH. 



N. No8. 


D. N08. 


D. Logs. 


•3 1349679 


•ll'Ol'OOOOOt 


11599661a 


•3» 3 18339 


•iioao'ooo'ot 


11609666^ 


•31287011 


'll'O'3'O'O'OOOt 


11619671B 


•31255724 


•ll'0'4.0'00'0'0t 


116296768 


•31224468 


•ll'Od'O'O'OOO t 


116396818 


'31193244 


'll'O'6'O'O'O'O-Ot 


1 16496868 


•31162051 


•iroTO'oocot 


116596918 


•31130B89 


•llO'8'O'OOO'Ot 


116696968 1 


•31099758 


•11'0'900000 t 


116797018 


•31067249 


•lllOO'O'O'O'Ot 


116901603 


•31036182 


•nil 00 000 1 


117001652 ' 


•31005146 


•niao'O'ooot 


117101702 


•30974141 


111'30'0'00'0t 


117201752 


•30943167 


•iri'4.'ooo'0'ot 


117301802 


•30912224 


'llld'O'O'O'OOt 


11740185a 


•30881312 


•111'6'O'O'OO'Ot 


117501902 


•30850431 


'111 '7'0'0'000 t 


117601952 j 


•30819581 


'll'l'B'O'OO'O'Ot 


117702002 1 


'30788761 


'111'9'OOO'OOt 


117802052 


•30756577 


•iiao'O'oo'oot 


117906636 


•30725820 


•iiai'ooo'O'ot 


118006686 


•30695094 


•iiaaooooot 


118106736 \ 


•30664399 


•11'2'3'O'O'OO'Ot 


118206786 


•30633735 


•ira'4.'ooo'0'ot 


118306836 


•30603101 


•11'2'5'O'O'O'O'Ot 


118406886 1 


•30572498 


•iraeooooot 


118506936 


•30541926 


'ii'a'7'O'O'oo'ot 


118606986 


30511384 


•iia'8'o 00 1 


1 1 8707036 


•30480873 


'iia'9ooooot 


118807086 


•30449011 


•iraoooo'O'ot 


118911670 


•30418562 


•ll'3 1'OOO'OOt 


119011720 ! 


•30388143 


•11'3 2 O'OOO t 


119111770 1 


■30357755 


•11'3 30 O'O'O'O t 


119211820 


•30327397 


'113 4. 000 00 t 


119311870 


•30297072 


•11'3'dO'OO'O'Ot 


119411920 


30266775 . 


•ir3'6 00'0'0'0t 


119511970 


•30236508 


'113 70 00 00 t 


119612020 


•3020627 1 


'11'3'8'OOO'OOt 


119712070 


•30176065 


•11-3'9'O'O'O'O'Ot 


119812120 


•30144521 


•ll'4.'00 00'0 0t 


119916704 ! 


•30114377 


'll'4.'l'0'00'0 0t 


120016754 1 


•30084263 


'll'4.'200000t 


120116804 ! 


•30054179 


•11'4.'3'0'0 00 t 


120216854 i 


•30024125 


•ir4.'4.'OOOOOt 


120316904 ; 


•29994101 


'ir4.'5*OOOOOt 


120416954 


•29964107 


'11'4.'6'0 00 t 


'120517004 


'29934143 


•11'4.'7'0 O'O'O'O t 


'120617054 


•29916114 


'll'4.'7'6 0'23 9t 


'120677293 


•29886198 


•11'4.'8'0 O'O'O'O t 


'120717104 

1 


•2= 6 


93147.8 10 = 23025850 


9 


4=13 


8629436 100 = 46051701 


8 


« = 20 


7044154 1000^=69077552 


7 i 



DESCENDINa BEANCH. 57 

' 1 i'4'7'6'o'2'3'9 f io=2-99i6i 14= 
'I^ 11,4,7,6,0,2,3,9, ; hence the dual logarithm of any 
giyen nuinber may be the log. of 10, =2 30258509, 
4,, (2991-61 i4)='i2o677293H-4 4,, (10) 
4 J,, (10)= 921034036, 
4., ( 299161 i4) = 'i2o677293 

8oo356753,=>!„ (2991-6114) 

Although we employ multiples of >I^, (10) here and in 
other places, as well as in the introduction to these tables, 
iu order to convert >^, ('29916114) to >t, (2991*6114) or 
to ^, (-0029916114) &c. or to convert >^, (1*378201) to 
,1, (1378 201) ; 4,, (01378201); &c., yet in practice such 
multiples are seldom required (see Chapters Y. and VI.). 
For example, multiply -00086194541 ; 1-378201 ; and 
2991-6114 continually together and divide the product by 
the product of -78539816 and 1865. Ans. 2-42621194. 

A B C Add 

'4 ^^ (86194541)= '14856338 ^14856338 

3, 1,(1-378201) = 32077903, 167922097 ar. CO. 

3, ^y (-299161 14)=*120677293 '120677293 

o 4^, (78539816)= '24156447 175843553 ar. CO. 
3, J', (1-865) = 62326108, ^62326108 

T '141625389 

2302585Q9 ,=>l,(io) 
>[, (2-42621194)= 88633120, 

In practice the numbers C, taken from the tables, do not 
require to be set down. Nor is it necessary to write down 
A, which is only to show how many places of figures the 
decimal point should be 'removed to the right or left in B 
to produce the given numbers to be operated upon. 
The work may aleo stand thus 
Add 
185143662 ar. CO. 
__ 32077903, 
1879322707 ar. CO. 
124156447, 
137673892 ar. CO. 
230258509, 

^I, (2-42621 i94)=88633i20, as above. 



58 DESCENDING BEANCH. 

To find where the ascending and descending branches coin- 
cide, or where the dual numbers are composed of the same 
digits and the corresponding natural numoers expressed by 
the same figures, let x be the required power of both I'l and 
'9; then 

(i-i)«=ioC9)' 
.-, ar|, (ri)=J„(lo)+a?J„(-9) 

. ^_ >^,(io) _ 230g5 8509 p,^ 

>l'.(»-0-J'. (-9) 20067070, 
Again, lety be the required power of 101 and 99 the 
nest bases in succession ; then 

(i-i)"(i-oi)*=ioC9)"099)' 

.-. 1 1 4,, (i-i) +y I, (i-oi)=4,, (10) + 1 1 4,, (9) +y J,, (-99) 

. .._ i,, (lo)- ii >^,(iO + " ^,C9) _ 9520743 _ , - fi „ 

•• ^ '^trCioi)- \, (-99) ~ 2000067 -'*''''''°' 

Again ^, (1°) ->^. n.4.7,6,o.+'xi'4'7'6'o 't=g|.^,,3.8. 

/. J, 11,4,7,6,0,2,3,8,5, and 'iiV7'6 o'2'3'8»5 f 
are the required dual numbers, and 2-99161136 and 
' 2 99 1 6 1 1 36 the corresponding natural numbers. 



^ THE END. f 



COX AND WYMAN, PRINTEBS, GREAT QUKKN STREKT. 



i 




